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ABSTRACT 


Thia  Ninth  Quarterly  Progress  Report  covers  the  period  from  June  4, 
1962  to  September  4,  1962.  Accomplishments  are  reported  in  all  phases  of 
the  reaearch  and  development  program  pertaining  to  the  line-source  dis¬ 
semination  of  BW  agents. 

Theoretical  and  experimental  results  relative  to  the  atudies  of  the 
mechanics  of  dry  powders  are  presented  for:  1)  the  applied  strsjses  and 
energies  required  for  the  compaction  of  powders,  2)  shear  strength  of  com¬ 
pacted  powders,  and  3)  bulk  tensile  strength  and  bulk  density  of  compacted 
powders  as  a  function  of  compressive  load  and  distance  from  the  face  of  the 
piston. 

Data  on  aerosol  decay  as  affected  by  relative  humidity  are  reported  for 
five  powders.  A  statistical  analysis  of  the  behavior  of  aerosols  is  prssentad 
to  explain  the  phenomena  observed  in  the  aerophilometer. 

Tests  on  dissemination  and  deagglomoratlon,  using  the  wind  tunnel,  are 
described  which  establish  an  upper  limit  of  approximately  0.58  g/cm^  den¬ 
sity  for  compacted  Sm  which  can  be  aerosolized  efficiently  by  the  aerodyna¬ 
mic  breakup  mechanism.  A  related  discussion  reports  some  preliminairy 
data  on  the  effects  of  storage  on  the  aerodynamic  breakup  of  compacted  Sm. 

Wind  tunnel  evaluation  of  a  shroud  for  the  discharge  tube  of  the  airborne 
dry  agent  disseminator  is  discussed. 

Work  with  the  full-scale  experimental  equipment  for  feeding  and  meter¬ 
ing  both  compacted  and  uncompacted  powder  is  reported. 

Progress  is  reported  on  the  design  and  fabrication  of  ths  first-generation 
airborne  dry  BW  agent  disseminating  store. 

An  apparatus  is  described  which  is  used  for  inserting  charges  of  com¬ 
pacted  powder  into  the  experimental  model  of  the  dry  agent  disseminator. 
Other  techniques  for  filling  the  disseminator  are  discussed. 

Successful  flight  tests  of  the  General  Mills,  Inc.  liquid  agent  dissemi¬ 
nating  store  on  F- 105  and  F-IOOD  airplanes  at  Eglin  Air  Force  Base  are 
reported. 
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NINTH  QUABTERLY  PROGRESS  REPORT 
ON 

DISSEMINATION  OF  SOLID  AND  LIQUID  BW  AGENTS 


1.  INTRODUCTION 

Thi*  Ninth  Quarterly  Progreaa  Report  covers  the  work  accomplished 
during  the  three -month  period  ending  approximately  September  4,  1962. 

Thu  work  was  done  at  General  Mills,  Inc.  (GMI)  under  Contract  DA-1 8- 
064-CML-2745  which  ia  a  comprehensive  research  and  development  pro¬ 
gram  on  the  diasemination  of  solid  and  liquid  BW  agents. 

This  report  presents  some  more  of  the  results  of  the  theoretical  and 
•*P*fi™e*'tal  studies  of  the  mechanics  of  dry  powders.  The  objective  of 
this  part  of  tlie  program  Is  to  obtain  basic  information  for  application  in  the 
eagiaeerlng  development  of  BW  munitions  and  related  support  equipment. 
Progress  is  also  reported  on  the  development  of  an  airborne  munition  for 
diaseminating  dry  BW  agent  from  a  compacted  state.  This  program  has 
reached  the  stage  where  fabrication  of  the  first-generation  airborne  unit  is 
underway. 

Also  presented  in  this  report  is  a  brief  summary  of  the  reeults  of  flight 
testing  the  GMI  liquid  agent  disseminating  store  on  the  P-105  and  F-IOOD 
airplanee.  Theee  flight  tests  were  conducted  by  the  BW/CW  Weapons  Group 
at  Eglin  Air  Force  Bate,  Florida  with  GMI  providing  technical  assistance. 

A  test  report  is  being  prepared  by  the  BW/CW  Weapons  Group. 
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2.  THEORETICAL  AND  EXPERIMENTAL  STUDIES  OF  THE  MECHANICS 

OF  DRY  POWDERS 

Oae  of  the  basic  goals  of  our  investigation  of  the  mechanics  of  powders 
Is  the  development  of  means  for  measuring  important  physical  properties  of 
powdered  materials.  There  are  two  main  areas  of  interest  in  regard  to  the 
mechanical  behavior  of  powders:  1)  the  b\Uk  properties  and  characteristics 
of  powders,  which  are  particularly  important  with  respect  to  the  compaction 
process,  and  2)  the  aerosolization  behavior  of  compactible  powders. 

Considerable  progress  has  been  made  in  developing  devices  and  tsch- 
niques  for  measurement  of  the  bulk  properties  of  powders.  A  newly  de¬ 
veloped  technique  for  precise  experimental  evaluation  of  the  compaction 
characteristics. of  powders  is  described  below.  Also,  further  studies  of  the 
shear  strength,  bulk  tensile  strength,  and  bulk  density  of  powders  are  re¬ 
ported  in  subsequent  sections  of  this  report. 

Although  the  processes  of  breakup  and  aerosoliaatlon  of  compacted  pow¬ 
ders  must  be  closely  related  to  bulk  properties,  considerable  difficulty  has 
been  experienced  in  establishing  the  nature  of  this  relationship.  For  this 
reason,  several  new  concepts  are  being  studied  in  which  pneumatic  or  hydro - 
dynamic  stresses  would  bo  employed  in  experiments  to  define  the  mechanical 
properties  of  powders.  One  such  approach  is  discussed  in  Section  2.  2  of 
this  report. 

2.  1  Experimental  Compaction  Studies 

2.  1,  1  Apparatus 

A  study  of  the  compaction  characteristics  of  various  powders  has  been 
in  progress  during  the  past  nine  months  as  part  of  a  comprehensive  investi¬ 
gation  of  the  mechanical  behavior  of  dry  powders.  In  the  course  of  this 
work,  several  devices  have  been  developed  for  measuring  the  applied 
stresses  and  energies  required  for  compaction  of  powders;  each  of  these 
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ha«  been  found  to  be  deficient  in  one  or  naore  waye.  An  improved  device  for 
experimental  study  of  the  compaction  characteriatics  of  powders  has  been 
developed  daring  the  current  report  period  and  has  been  found  to  be  com¬ 
pletely  satisfactory.  This  dsvico  is  shown  in  Figure  Z.  1.  It  can  be  seen 
from  the  figure  that  the  piston-  cylinder  configuration  utilized  in  previous 
compaction  devices  has  been  retained  in  the  new  design.  However,  the  new 
compaction  unit  is  much  more  rigid  than  earlier  models  and,  through  use 
of  an  axial -circulating  ball  bearing  for  the  piston,  is  less  subject  to  fric¬ 
tional  effects. 

The  material  to  be  compacted  is  placed  in  a  machined  brass  receptacle 
that  fits  into  a  recess  in  the  base  of  the  compaction  unit,  thus  insuring  pro¬ 
per  alinement  with  the  piston. 

Tests  are  carried  out  by  using  the  compaction  unit  shown  in  Figure  2.  I 
in  conjunction  with  an  Instron  test  machine.  By  utilizing  the  Instron  machine 
for  control  of  the  sample  deformation  rate  and  for  measurement  and  record¬ 
ing  of  the  load  applied  to  the  powder,  a  very  high  degree  of  precision  and 
reproducibility  can  be  achieved  in  compaction  experiments. 

Compaction  tests  under  controlled  humidity  conditions  may  be  carrisd 
out  by  enclosing  the  compaction  unit  in  a  sealed  plastic  bag  after  prior  con¬ 
ditioning  of  powder  and  apparatus  in  a  dry  box. 

^ ^  ■Oaperlmental  Results  and  Discussion 

A  number  cl  experiments  have  been  carried  out  with  the  apparatus  des¬ 
cribed  above.  Because  of  the  preliminary  nature  of  these  tests,  which  were 
carried  out  primarily  fcr  the  purpose  of  evaluating  the  new  compaction  de¬ 
vice,  nc  attempt  was  made  to  control  humidity.  {Future  teats  will  be  con¬ 
ducted  under  controlled  humidity  conditions,  as  described  above. ) 

A  cr.mpleie  load-strain  curve  for  cornstarch,  as  recorded  on  the  Instron 
machine,  is  shown  in  Figure  2.  2.  This  curve  is  quite  typical  of  results  ob¬ 
tained  in  tests  cf  several  powders.  In  this  test,  0.  72  grams  of  cornstarch 
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Figure  2.  2  Compactioa  of  Coroetarcb  Compaction.  Rate  0.  020  lo.  /min. 
Initial  Specific  Volume  1. 71  cm^/g 


with  aa  ialtUi  d«a«ity  of  0.  S8S  gjcm^  were  compactad  at  a  rata  of  0, 02 
in.  /min  until  tha  load  raachad  2000  pounda;  than  the  croaa-head  dlractioa 
waa  ravaraad  and  tha  elaatlc  racovary  of  the  aample  waa  determined*  The 
area  undar  tha  compaction  portion  of  the  curve  reprasanta  the  total  work 
(or  energy)  expended  in  an  unidirectional  compaction  proceee.  Tha  net 
work  abaorbed  by  the  powder  ia  found  by  aubtracting  the  area  under  the 
right-hand  portion  of  the  curve,  which  correeponde  to  the  elastic  energy 
etored  in  tha  compreaaed  powder  sample.  In  this  case,  the  energy  re¬ 
covered  was  found  to  be  about  55  percent  of  the  total  energy  abaorbed  by 
the  powder  during  compaction. 

Compaction  data  for  talc,  saccharin,  and  cornstarch  -  as  obtained  with 
the  new  apparatus  -  are  plotted  versus  specific  volume  in  Tigure  2.  3.  The 
data  are  in  quite  good  agreement  with  previous  results  for  these  powders 
over  the  range  of  densities  attainable  in  the  earlier  teats  (see  Tanle  2,  1). 

It  can  be  seen,  however,  that  a  considerable  departure  from  tha  power-law 
relationship  found  in  past  teste  occurs  under  high  stresses.  It  should  bo 
empbasiaed  that  the  high  stresses  applied  to  the  samples  in  these  tests  are 
well  beyond  the  practicable  compaction  range  for  vlsble  materials.  It  is 
nevertheless  desirable  to  establish  the  range  of  densities  for  which  the 
empirical  power-law  relationship 

-  K  p™  (1) 

i*  *  valid  representation  of  the  relationship  between  stress  and  density  for 
compactibla  materials.  The  constants  k  and  m  m  Equation  (1).  as  deter- 
minsd  with  the  new  test  technique,  are  presented  in  Table  2.  1,  together  with 
constants  from  previous  tests. 

Previous  experiments  with  cornstarch  and  powdered  milk  indicate  that 
these  powders  exhibit  a  "stick-elip"  behavior  when  compacted  rapidly. 

Some  evidence  of  this  behavior  can  be  seen  in  Figure  2.  2  (cornstarch)  at  a 
load  of  about  200  pounds.  For  the  most  part,  however,  it  is  clear  that  the 
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Taisia  2. 1  Compaction  Conatanta  for  Thraa  Powdera 


Powder 

ra* 

m 

k* 

k 

Tale 

-  6.50 

-  6.75 

4.  42  X  10“^ 

2.  35x  10^ 

Saccharin 

-  7.70 

-  6.50 

2.21  X  lO"^ 

1.72x  lo"^ 

Cornstarch 

-20.8 

-18.80 

1.67  X  108 

1.29  X  10® 

*Iadicataa  previoaa  reaulta. 


compaction  procaas  for  cornatarch  ia  frea  of  irragularitiea  at  a  compaction 
rata  of  0,  02  in, /min.  On  the  other  hand,  testa  conducted  at  a  compaction 
rate  of  0.  2  in. /min.  for  eight  pourdera  including  cornatarch  exhibited  much 
leaa  regular  behavior  (see  Figure  2.  4).  In  these  teatSi  powdered  milk  and 
•accharin  aa  well  aa  cornatarch  displayed  "atlck-alip"  behavior  as  can  be 
seen  from  the  figures.  These  results  are  presented  with  reaervationSi  how¬ 
ever,  since  it  is  possible  that  the  irregularities  may  in  part  be  due  to  air 
entrapment  in  the  samples  as  a  result  of  the  high  compaction  rate,  plus  the 
fact  that  the  piston  used  in  these  teste  was  not  vented.  Effecte  of  compac¬ 
tion  rate  will  be  investigated  in  future  tests  with  suitable  precautions  to  pre¬ 
vent  air  entrapment. 

2.  2  Triaxial  Shear  Tests 

Considerable  progress  has  been  made  in  improving  the  triaxial  tech¬ 
nique  for  determining  the  shear  strength  of  a  compacted  powder.  As  pointed 
out  in  the  Eighth  Quarterly  Report^,  the  conventional  triaxial  test  method 
leads  to  experimental  difficulties  with  compactibla  materials  because  the 
membrane  used  to  seal  the  powder  sample  prevents  a  natural  shear  failure 


« 


2-7 


Page  determined  to  be  Unclassified 
Reviewed  Cbief,  ROD,  WHS 
lAW  E0  13526.  Section  3.5 

2  6  APR  2013 


9"i-avoi  a3nddv  ai-avon  oBiiddv 

I 

t 

2-8 

Page  determined  to  be  Unclassified 
Reviewed  Cbief ,  ROD,  WHS 
lAW  EO  13526,  Section  3.5 

2  6  APR  2013 


of  the  eample.  la  order  to  elinaioate  thie  effect,  a  modified  sample  prepara- 
tiott  procedure  has  been  evolved  that  does  not  require  use  of  abrubber  ineni- 
braae. 

An  exploded  view  of  the  assembly  used  for  sample  preparation  is  shown 
In  Figure  2.  5.  The  powder  sample  la  compacted  within  a  segmented  cylin¬ 
drical  Section,  which  is  supported  by  means  of  an  external  housing  as  shown 
in  the  exploded  view.  The  center  segment  is  split  into  three  120-degree 
sections  to  facilitate  removal  after  compaction  of  the  sample.  The  teet 
specimen  is  prepared  by  filling  the  cylinder  with  a  known  nnass  of  powder 
which  :s  then  compacted  by  means  of  pistons  forced  into  the  cylindrical 
chamber  from  each  end.  £ach  piston  is  advanced  at  the  same  rate  during 
compaction  of  the  aapiple  to  center  the  compacted  material  In  the  cylinder.  ' 
The  final  average  density. of  the  sample  is  fixed  by  accurately  defining  the 
distance  between  the  pistons  at  the  completion  of  the  compaction  process. 

For  loose  powders,  extension.- units  are  placed  at  each  end  of  the  assembly 
shown  in  Figure  2.  5  to  permit  initial  compe.ttion  of  the  powder  into  the  cen¬ 
tral  section  of  the- cylinder. 

After  compaction,  the  pistons  are  removed  and  threaded  end  plugs  are 
i*i*i*ll®d  in  each  end  cylinder  to  give  support  to  the  compacted  powder 
column.  The  entire  assembly  is  then  placed  in  the  Instron  test  machine  and 
a  load  of  about  50  pounds  is  applied  to  the  end  plugs.  {This  load  is  not 
applied  to  the  powder,  but  is  earned  by  the  central  cylinder.  )  The  housing 
may  now  be  removed,  after  which  the  load  is  gradually  released.  Because 
of  the  elastic  nature  of  the  compacted  powder,  a  small  gap  will  generally 
appear  betweeti  the  center  cylindrical  segments  and  the  upper-end  cylinder, 
thus  simplifying  removal  of  the  segmented  center  cylinder.  (The  center 
section  is  made  of  m.4.gnetic  stainless  steel;  thus,  the  center-aection  seg. 
ments  can  be  ra&dily  removed  with  a  weak  magnet.  )  If  this  procedure  is 
followed  carefully,  the  exposed  pewder  will  be  free  of  cracks. or  other  im¬ 
perfections. 
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Removable  Section  (3) 


End  Cylinder  (2) 


The  shear  strength  ol  saccharin  compacted  to  an  average  density  of 
0.  63  g/cm  by  the  above  technique  has  been  obtained  by  tests  conducted  in 
the  Inetron  test  machine.  The  load-strain  diagram  for  a  typical  test  is 
shown  in  Figure  2. 6.  It  is  apparent  that  the  sample  failure  is  very  well  de¬ 
fined,  the  load  falling  from  about  6. 7  to  0, 5  pounds  as  the  sample  fails  in 
shear.  By  stopping  the  machine  at  the  instant  of  failure,  it  is  possible  to 
remove  the  fractured  test  sample  Intact.  The  typical  appearance  of  a 
sheared  sample  is  illustrated  by  Figure  2.7.  The  shear  planes  are  clearly 
evident  in  the  photograph. 


This  technique  is  currently  being  extended  to  permit  triaxial  teste  in  a 
presiurized  chamber^.  A  thin  loose-fitting  membrane,  enclosing  the  entire 
sample  assembly,  will  be  used  in  these  teste.  By  venting  the  interior  of  the 
membrane  to  ambient  pressure,  the  desired  lateral  stress  on  the  sample 
will  be  achieved;  however,  the  loose  membrane  will  be  free  to  deform  as 
the  sample  shears.  It  is  believed  that  this  modification  of  the  earlier  test 
technique  will  resu't  in  clear-cut  failure  of  the  test  specimens. 

In  order  to  fully  define  the  shear  strength  of  a  compacted  powder,  it  is 
necetsary  to  examine  the  tensile  ehear  strength  of  the  powder  as  well  as  its 
compressive  shear  strength.  The  reason  for  this  is  evident  from  a  study  of 
Figure  2.  8.  Compressive  shear  teets  are  capable  of  establishing  the  portion 
t>f  the  shear  locus  B-C  on  the  figure.  However,  the  pure  shear  strength  of 
the  powder  cannot  be  determined  by  the  compressive  triaxial  technique, 
since  a  tensile  stress  must  be  applied  to  the  sample  in  order  to  perform 
tests  la  the  region  A-B  of  Figure  2,  8,  In  principle,  the  triaxial  test  can  be 
performed  in  this  region  by  applying  a  gradually  increasing  axial  tension  to 
the  sample  while  maintaining  a  constant  chamber  preseure  as  before. 
Attempts  to  conduct  such  a  test  at  zero  chamber  pressure  have  not  suc¬ 
ceeded,  however,  because  sample  failure  invariably  occurs  in  the  plane  of 
one  of  the  end  cylinders.  Since  sample  failure  in  tension  should  occur  as  a 
result  of  combined  tension  and  shear,  it  is  to  be  expected  that  the  sample 
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Figure  2. 8  Shear  Lacus  Curve  lUustxatiag  ttie  Relatioxxship  betweeu  Bulk 
Shear  Streugth  and  Bulk  Tenaile  Strength 


should  fail  in  the  manner  typified  by  Figure  Z.  7  for  the  compressive  case. 
Presumably,  the  type  of  failure  actually  observed  is  due  in  part  at  least  to 
the  constraining  effect  of  the  end  cylinder. 

It  is  believed  that  measriremants  of  bulk  tensile  strength  should,  if 
possible,  be  carried  out  in  such  a  way  that  fracture  occurs  in  the  central 
region  of  the  powder  sample  rather  than  at  one  end.  A  "natural"  tensile 
failure  may  be  possible  if  the  test  specimen  ie  compacted  so  that  the  center 
section  has  a  reduced  cross-sectional  area.  Experimenta  with  a  reduced* 
^■rea  sample  will  be  tried  as  soon  aa  the  modified  center-eection  cylinder 
can  be  fabricated. 

A  completely  different  meana  of  evaluating  the  tensile  strength  of  a 
compacted  powder  is  now  under  investigation.  In  the  proposed  tost,  a  com¬ 
pacted  powder  sample  ie  placed  in  a  pressure  chamber  and  the  preseure  in 
the  chamber  ie  gradually  increased  to  a  preselected  value.  After  equliib* 
rium  is  established,  the  chamber  ie  depresstmized  at  a  controlled  rate. 

The  gas  entrapped  within  the  pares  of  the  powder  sample  will  flow  toward 
the  surface  of  the  sample.  The  resulting  viscous  stresses  at  the  powder 
surface  will  tend  to  break  the  relatively  weak  bonds  holding  ths  partlclss  to¬ 
gether.  If  properly  carried  out,  this  test  should  permit  detection  of  a 
"threshold"  condition  at  which  erosion,  of  the  powder  surface  begins.  From 
this  information,  it  may  be  possible  to  compute  the  average  strength  of  inter- 
particle  bonds. 

This  possible  meana  of  experimentally  determining  the  tensile  strength 
of  compacted  powders  is  based  on  the  following  observations:  1)  Experience 
has  shown  that  air  entrapment  occurs  within  a  powder  bed  when  compaction 
takes  place  rapidly.  This  is  because  time  is  required  for  the  air  contained 
in  the  void  spaces  to  percolate  through  the  powder.  Also,  experiments  have 
shown  that  compacted  powder  samples  subjected  to  a  pressurised  gas  en¬ 
vironment  expand  significantly  when  the  preseure  ?e  suddenly  released. 

2)  Even  when  compacted  under  high  stresses  most  powders  have  void  spaces 
amounting  to  30  to  50  percent  of  the  total  volume  of  a  powdsr  sample. 
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Thufli  it  is  clear  that  a  very  considerable  mass  of  gas,  capable  of  supplying 
a  large  amount  of  mechanical  energy,  can  be  stored  in  a  powder  sample  at 
presstires  of  several  atmospheres. 

It  is  apparent  that  this  concept  may  also  provide  a  means  for  aerosoll- 
aation  of  compacted  powders.  This  possibility  will  be  eicplored  in  the  tests 
now  toeing  planr^ed. 

2.  3  Bulk  Tecaile  Strength  of  Compressed  Powders 

1'  the  development  of  a  method  for  the  measurement  of  bulk  tensile 

1  2 

strengths  of  compressed  powders  '  ,  we  have  previously  confined  our  study 
to  isj.nc  cadmium  sulfide.  In  order  to  determine  the  effectiveness  of  our 
metliod  i  n  the  measurement  of  the  tensile  strength  of  other  powders,  we 
have  extended  our  study  to  include  saccharin,  cornstarch,  powdered  milk, 

Sm,  and  talc.  Again  we  have  confined  our  study  to  three  compressive  loads, 
1454,  2130,  and  2919  grams,  and  to  a  compression  time  of  1-1/2  hours. 

All  measurements  were  made  in  a  controlled  environment  of  15  percent  rel* 
ocjvr  humidity.  The  results  obtained  are  presented  in  Figures  2,9  through 
2.  17.  Diameter  of  the  powder  plug  was  0.  75  inches.  Although  talc  was  in¬ 
cluded  in  our  studv,  no  valid  measurements  were  obtained.  It  was  found 
that  upon  rexnova.l  of  the  sprir.g  clips  holding  the  column  segments  together, 
the  release  cf  elastic  energy  in  the  talc  plug  c-iused  the  column  segments  to 
spring  apart  fracturing  the  column  of  powder  pnor  to  measurement  of  the 
tensile  sttength.  The  present  apparatus  will  have  to  be  modified  to  over- 
com*,  this  prcblem.  Figure  2. 18  is  a  presentatiort  of  the  variation  of  tensile 
strengths  of  various  powders  at  the  same  compressive  load.  In  this  manner 
the  powders  can  be  chars.t. ten. tied  according  to  their  relative  tensile  strengths 
fulfilling,  in  part,  the  purpose  of  the  current  study. 

it  18  see.i  that  the  data,  do  not  follow  the  simple  exponential  relationship 
proposed  earlier 
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Figure  2.  11  Bulk  Teasile  Strength  for  Saccharin  as  a  Function  of  Distance 
"Li"  from  Compressive  Force  at  a  Compressive  Lioad  of  2919  g 
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Figure  2,  12  Bulk  Tensile  Strength  for  Cornstarch  as  a  Function,  of  Distance 
"L"  from  Compressive  Force  at  a  Compressive  Load  of  1454  g 
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Figure  2,  13  Bulk  Tenaile  Strength  for  Cornstarch  as  a  Function  of  Otstance 
"L"  from  Compressive  Force  at  a  Coxnpresaive  Load  of  2130  g 
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Figure  2. 15  Bulk  Tensile  Strength  for  Sm  as  a  Function  of  Distance  "L" 
from  Compressive  Force  at  a  Compressive  Load  of  2130  g 
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Figure  2. 1 
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Bulk  Tensile  Strength  for  Sm  as  a  Function  of  Distance  "L" 
from  Compressive  Force  at  a  Compressive  Load  of  2919  g 
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Figure  2.  17  Bulk  Tensile  Strength  for  Fovdered  Milk  as  a  Function  of  Dis¬ 
tance  "L"  from  Compressive  Force  at  Three  Compressive  Loads 
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Figure  2.  18  Comparison  of  Bulk  Tensile  Strength  of  Powders 
at  the  Same  Compressive  Load  of  2919  g 
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where: 


0  a  bulk  tensile  strength  of  a  column  of  compressed 
powder  at  a  distance  L  from  the  piston 

a  bulk  tensile  strength  of  the  compressed  powder  im¬ 
mediately  below  the  piston 

k  a  constant 

Li  =  distance  from  piston  to  fracture  plane 

If  this  deviation  from  current  proposed  theory  continues  throughout  sub¬ 
sequent  experimentation!  It  will  be  proposed  that  the  bulk  tensile  strength 
may  follow  the  relationship: 


0  = 


-kli 


0  e 

o 


indicating  that  the  experimental  values  obtained  are  in  reality  the  sum  of 
two  exponentials  I  with  equal  slopes  but  opposite  in  sign.  This  would  repre¬ 
sent  a  buildup  of  tensile  strength  from  the  bottom  of  the  column  of  com¬ 
pressed  powder  as  well  as  at  the  head  of  the  compressive  piston.  Studies 
including  variations  in  total  column  length  as  well  as  bulk  density  determina¬ 
tions  will  help  to  elaborate  upon  this. 

2. 4  Shear  Strength  of  Compressed  Powders  by  the  Sliding  Disk  Method 

An  extensive  teat  program  la  now  in  progress  in  which  the  ehear  strengths 
of  a  number  of  powders  are  being  determined  as  a  function  of  compressive 
load  over  a  wide  range  of  relative  humidity  environments.  For  reasons. of 
continuity  the  reporting  of  these  results  will  be  delayed  pending  the  comple¬ 
tion  of  this  study. 
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2.  5  Bulk  Daoaity  of  Compragaod  Powdera 


During  the  previous  quarter^,  a  study  of  the  bulk  density  variation  in  a 
compressed  column  of  saccharin  was  made  at  various  compressive  loads, 
This  study  has  been  extended,  for  comparative  purposes,  to  talc.  The 
apparatus  and  techniques  are  identical  to  those  previously  described^  in 
which  the  loose  bulk  powder  is  used  to  fill  a  segmented  column  5-3/32  inch 
ID  which,  following  compression  of  the  powder.  Is  then  cut  into  one-inch 
segments  to  determine  the  density  variation  throughout  the  column.  In  the 
apparatus  described  the  total  column  length  of  uncompacted  powder  was 
20  Inches.  A  few  preliminary  experiments  indicated  that  the  talc  was  suffi¬ 
ciently  more  compressible  than  saccharin  to  necessitate  a  5-inch  extension 
of  the  fill  tube  in  order  to  obtain  column  lengths  of  the  compressed  powder 
comparable  to  thoae  obtained  for  saccharin.  With  this  revision  in  the 
apparatus  the  column  of  uncompacted  talc  is  now  25  inches  in  length.  The 
data  obtained  are  presented  in  Tlgures  2.  19  and  2.  20.  Figure  2.  19  shows 
the  effect  of  increasing  the  powder  column  length.  Ths  broken  lines  repre¬ 
sent  results  obtained  using  a  20-iach  column  length  prior  to  compaction, 
whereae  the  solid  lines  represent  results  with  a  25-inch  column  length. 

Figure  2.  20  represents  the  completed  study  for  talc.  The  plot  for  each 
compressive  load  represents  the  average  of  two  independent  determinations. 

The  behavior  of  talc  differed  from  that  of  saccharin  in  two  distinct  ways: 
1)  the  decrease  in  density  down  the  column  is  significantly  greater  for  talc 
than  for  saccharin,  and  2}  talc  displays  a  considerable  release  of  elastic 
energy  following  the  removal  of  the  compressive  force.  This  differsnce  was 
also  noted  in  the  bulk  tensile  strength  measurements  discussed  earlier  in 
this  report. 

Our  continued  study  of  the  radial  variation  of  the  bulk  density  in  a  column 
of  compressed  powder  indicates  that  the  differences  in  density  previously 
reported  between  the  inner  core  and  the  outer  annular  segment  were  due  to 
error.  Refined  experimental  techniques  show  the  absence  of 
significant  variations  in  the  radial  distribution  of  bulk  densities  of  com¬ 
pressed  powdera. 
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Figtire  2.  19  Variation  ol  Bulk  Density  of  Talc  with  Total  Plug  Letjgth 
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Figure  2.  20  Bulk  Density  of  Talc  (Mistron  Vapor)  as  a  Function  of 
Distance  from  Piston  at  Various  Compressive  Loads 
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3.  AEROSOL  STUDIES 


Th«  iieroaol  studies  of  the  preseat  quarter  have  proceeded  along  those 
mentioned  at  the  conclusion  of  the  last  report^.  A  number  of  runs  have 
been  made  at  three  humidity  conditions  —  lass  than  5  percsnt,  about  50  per¬ 
cent,  and  greater  than  95  percent  —  for  each  of  five  different  powders.  The 
possibility  of  obtaining  more  direct  information  on  the  aerosol  condition  by 
analysis  of  the  noise  level  on  the  light-scattering  signals  has  been  investi¬ 
gated,  with  positive  results.  Some  time  was  devoted  to  the  problem  of  ob¬ 
taining  an  initially  well-dispersed  aerosol,  resulting  in  the  development  of 
an  alternate  method  of  dispersing  powders.  Further  work,  chiefly  involving 
ion  injecdon,  is  outlined  In  the  concluding  section. 

3.  1  Study  of  the  Effects  of  Environmental  Humidity  on  Aerosol  Decay 

As  a  preliminary  step  in  the  study  of  humidity  effects  on  the  decay  of 
aerosols,  runs  have  been  made  at  three  humidity  conditions.  One  series  of 
runs  made  use  of  normal  room  humidity  conditions  that  were  in  the  range  of 
45  to  50  percent  during  the  period  covered.  In  a  second  series  of  runs,  a 
low  humidity  condition  was  obtained  by  placing  a  pan  containing  molecular 
sieve  desiccant  on  the  floor  of  the  chamber  near  the  fan.  After  the  chamber 
wae  closed  and  the  fan  turned  on,  a  check  with  an  infrared  hygrometer 
showed  that  the  humidity  was  reduced  tc  less  than  5  percent  after  1-1/2 
hours.  A  third  series  of  runs  was  made  with  a  pan  of  water  In  place  of  the 
par  of  desiccant.  The  hygrometer  showed  that  the  chamber  humidity  rose 
to  greater  than  95  percent  1-1/2  hours  after  closing  the  chamber. 

Five  powders  -  talc,  saccharin,  cornstarch,  powdered  s’jgar,  and 
powdered  milk  -  were  run  at  each  of  the  three  humidity  conditions.  The 
stirring  fan,  with  the  small  (4-inch)  blade,  was  operated  at  35  volts  through¬ 
out  each  run  so  that  the  decay  observed  was  each  case  "turbulent"  decay. 
The  powder  dispersing  system  was  operated  as  described  In  the  last  report. 
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No  attempt  was  made  to  precondition  the  powder  aampiee  prior  to  diepera- 
ing.  Only  one  of  the  two  Ught~ecatterlng  units  was  used  in  this  work,  since 
it  was  shown  in  the  last  report  that  the  two  signals  were  identical  for  the 
stirred  settling  case. 

The  light -scattering  data  from  the  humidity  runs  are  shown  in  Figures 
3.  1  through  3.5.  The  rune  for  talc  and  saccharin  were  repeated;  these 
showed  generally  good  reproducibility.  It  will  be  noted  that  the  five  powders 
fall  Into  two  categories  as  regards  the  effect  ot  Aumidlty  on  aerosol  deca,y. 

Sa.ccharin  is  the  prototype  for  the  powders  of  the  first  category.  The 
decay  rate  for  saccharin  was  about  the  same  in  the  5  and  50  percent  relative 
humidity  environments,  but  was  somewhat  larger  at  95  percent  relative 
humidity.  Cornstarch  and  powdered  milk  behaved  similarly. 

Powders  of  the  second  category,  talc  and  powdered  sugar,  exhibited  a 
differeiit  behavior.  For  talc  the  decay  rates  were  about  equal  for  the  two 
extreme  humidity  conditions  and  less  for  the  intermediate  humidity  condi> 
tion.  In  summary,  the  decay  rate  for  powders  of  the  second  category  first 
decreased,  then  increased  with  increasing  humidity;  whereas  powders  of 
the  first  category  exhibited  decay  rates  that  increased  monotoni tally  with 
increasing  humidity. 

The  behavior  of  aerosols  exposed  to  various  humidities  is  difficult  to 
interpret  in  terms  cl  fundamental  decay  processes.  The  behavior  of  pow- 
ders  of  the  first  category  seems  quite  reasonable,  i.  e. ,  increased  humidity 
increases  either  or  both  the  agglomeration  rate  and  rate  of  loss  to  walls. 
However,  the  behavior  of  powders  of  the  second  category  is  more  difficult 
to  explain...  For  the  latter  category,  the  eminent  possibility  would  seem  to 
be  that  increasing  humidity  enhances  one  of  the  rates  and  retards  the  other, 
one  rate  dominating  at  one  extreme  humidity  condition  with  the  other  rate 
dominating  at  the  other  extreme.  Thus,  if  a  hypothetical  decay  rate  para¬ 
meter  Xis  comprised  of  two  parts,  X  ....  +  X  ,  ..  the  observed 

behavior  could  be  accounted  for  as  indicated  in  Figure  3.  6.  For  the  present, 
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Figure  3.  4  Effect  of  Huznidity  on  Decay  of  Powdered 
Milk  Aeroeole  (  *550  mg  Samples) 
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Figure  3.5  Effect  of  Humidity  on  Decay  of  Powdered 
Sugar  Aerosols  { 330  mg  Samples) 
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Figure  3.  6  Proposed  Mechanism  for  Anomalous  Humidity  Effect 


we  shall  not  speculate  further  on  the  mechanisms  behind  the  humidity  effects. 
Certain  theoretical  considerations  that  may  be  pertinent  are  forthcoming  and 
further  experimental  work  is  planned  in  this  area, 

3.  2  Considerations  on  Light-Scattering  Noise  Levels 

It  was  noticed  during  the  work  of  the  last  quarter  that  the  noise  levels 
on  the  light -scattering  records  were  consistently  higher  for  talc  aerosols 
than  for  saccharin  aerosols.  Some  of  the  work  of  this  quarter  was  devoted 
to  ic.vestigating  this  phenomenon.  Actual  copies  of  typical  records  srs 
shcw«  Ir.  Figure  3,  7„  The  important  point  to  be  noted  is  that  for  a  given 
scattering  signal,  the  noise  level  (breadth  of  trace)  for  talc  is  about  twice 
that  for  saccharin. 

The  r.oiss  observed  may  have  one  or  more  origins.  Fluctuations  may 
arise  from  the  light  source,  from  the  aerosol  within  the  scattering  volume, 
from  the  photomultiplier  tube,  or  from  various  points  in  the  amplification 
system.  In  order  to  study  these  points,  two  systems  of  illumination  other 
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Figure  3. 7  Copies  of  Liglit -Scattering  Reeordai 

Top-Talc  Aerosol,  Bottom-Saccharin  Aerosol 


3-9 

Page  datarniined  to  be  Unclassified 
Reviewed  Chief,  ROD.  WHS 
lAW  EO 1M26.  Section  3.5 

Date:  e  g  2013 


'♦-hot -if 


than  the  inuai  light  scattered  from  an  aerosol  were  tried.  The  firet  made 
uee  of  a  radioactive  standard  light  source  that  was  taped  inside  the  chamber 
to  the  window  facing  the  photomultiplier  tube.  Masks  were  used  to  control 
illumination.  The  second  method  of  illumination  consisted  of  light  scattered 
from  a  bottle  of  distilled  water  placed  in  the  cliambcr  at  the  scattering 
volume.  Illumination  was  controlled  by  adjusting  the  voltage  of  the  light 
source.  The  noise  resulting  from  these  two  methods  of  Illumination,  to¬ 
gether  with  noise  levels  from  talc  and  saccharin  aerosols,  are  shown  in 
Figure  3.  8. 

Figure  3,  8  shows  that  the  noise  levels  from  the  two  auxiliary  methods 
of  illumination,  the  radioactive  light  source  and  scattering  from  distilled 
water,  are  very  nearly  equal  up  to  about  1  rov  signal.  Both  aerosol  noise 
levels  are  somewhat  higher.  Since  the  fluctuations  in  the  scattered  light 
are  independent  of  those  fluctuations  operative  without  the  aerosol*,  we  have 

(obaerved  fluctuation)^  =  L  +  (  intrinsic 

|due  to  aeroBoll  I  fluctuations  I  . 

^  Mathematical  Analysis  of  Fluctuations  in  the  Light -Scattering  Signal 

The  experimentally  discovered  phenomena  of  fluctuations  in  the  light- 
scattering  signal  have  motivated  further  theoretical  analysis  which  will  be 
presented  in  this  section.  In  the  process  we  shall  rephrase  certain  parts  of 
the  work  presented  in  the  last  quarterly  report^  and  extend  certain  defini¬ 
tions  given  there. 

^  The  fact  that  the  two  auxiliary  methods  of  illumination  yield  the  same  noise 
level  indicates  that  this  "intrinsic  noise"  arises  in  the  photomultiplier  tube 
or  the  subeequer.t  electronics.  A  simple  calculation  based  on  the  theory  of 
the  shot  effect  indicates  that  the  origin  is  in  fact  shot  noise  in  the  photo¬ 
multiplier  tube. 
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Xj«t  N(t)  be  the  number  of  particles  in  the  aerosol  at  time  t.  The  cor¬ 
responding  cumulative  particle  else  distribution  N{d,t)  and  particle  else 
distribution  N'(d.  t)  are  defined  as  before^,  as  are  the  fractional  distribu¬ 
tions  n(di  t)  and  n*  (d.  t). 

The  analysis  that  follows  will  emphasize  the  randomness  associated 
with  aeroaolB>  a  point  of  view  which  in  light  of  experience  is  more  in  accord 
with  facte  than  an  analysis  emphasizing  the  regularities  of  aerosols.  We 
assume  that  at  any  particular  Instant  t>  the  N(t)  particles  are  distributed 
randomly  throughout  the  chamber,  the  distribution  being  in  a  constant  state 
of  flux  because  of  air  currents.  At  any  particular  time  t  certain  particles 
find  themselves  in  the  light-  scattering  volume^  bV,  while  at  some  later  time 
other  particles  are  so  located.  We  assume  that  this  eonetant  exchange  of 
light-scattering  samples  is  equivalent  to  random  sampling  of  the  aerosol. 
The  fallowing  analysis  also  requires  that  many  samples  be  taken  over  an 
Interval  of  time  during  which  N(t)  is  approximately  constant.  An  oscillo¬ 
scope  study  has  shown  that  this  requirement  is  probably  satisfied  for  the 
aerosols  under  study. 

Under  the  assumptions  Just  made,  the  aerosol  sampling  process  obeys 
Poisson  statistics’*',  wherein  the  probability  p(m)  that  exactly  m  particles 
are  located  In  a  sample  of  volume  SV  picked  at  random  is 


p(m) 


[N(t)^ 


exp 


-N(t) 


6V 

"T 


(2) 


If  many  independent  samples  of  size  SV  are  taken,  the  expected  average  m 
of  m  Is 


m  a  ^  mp(m)  =  N<t)  , 
mso  ’’ 


(3) 


See,  for  example,  the  discussion  of  Poisson's  distribution  in  Feller,  An 
introduction  to  the  theory  of  probability  and  its  application.  Vol.  I.  2nd 
edition,  John  Wiley  h  Sons. 
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whila  the  expected  mean  aquare  fluctuation  (m  -  no  is 


{m  -  rn)^  a  ^  p{ni)  - 


m 


m=o 


=  (m  +  ra^)  -  =  m  . 


(4) 


The  light  scattered  may  now  be  calculated  on  a  statistical  basis*.  Suppose 
that  at  time  t  it  is  known  that  there  are  exactly  m  particles  in  hV.  The  light 
scattered  is^ 


a,)  =<  I  •  aa  •  f  <i(d.)  .  (5) 

^  i*i  ^ 

where  is  the  diameter  of  the  i  particle  and  o(d.)  is  the  corresponding 
scattering  cross-section.  The  d^,  however,  must  be  predicted  by  statistics. 
If  the  of  the  m  particles  is  regarded  as  picked  at  random,  the  probability 
that  its  diameter  is  in  the  range  (d.,  dj  +  is  just  n'(dj,t).  The  average 
value  ^^s^m  **  by  averaging  over  all  possible  values  of 

each  d..  Thus 


=  f!  . /  ^^s)^  •  n'(dj.t)  n'(d2t)  ...  n'(d^.  t)  6dj  8d2  . . .  6d^ 


m  integrals 


-  I  80// ...  / 


n'(dj ,  t)  n*(d2.  t)  . . .  n'(dj^,  t)  ftdj  bd2  ...  Sd^ 


m 


*The  analysis  given  here  is  modeled  on  the  analysis  of  the  shot  effect  by 
S.  O.  Rice.  Mathematical  analysis  of  noise.  Bell  System  Technical  Journal, 
c.l.  23  (St  24;  The  reasoning  is  further  elucidated  in  Lindsey  and  Margonau, 
Foo-ndations  of  physics,  Dover  Press. 
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*  I  n'(d^,t)a<ij  .  (6) 


The  latter  step  makes  use  of 

/a’(dj.t)adj^  =  /n'(d2.  Oad^  a  ...  a  1. 

Similarly,  the  m  integrals  in  the  sum  differ  only  in  integration  variable,  so 
that 

ds)^  *  m  /  a  (d)  n*(d,  t)  8d 

=*  m  0  .  (7) 

where  use  has  besn  made  of  the  definition  of  the  average  cross-section  o. 

At  this  point  the  restriction  to  m  particles  may  be  lifted.  The  average 
scattered  light  1^  is  given  by 

m 

»  1 60  0  J]  mp(m) 

121=0 

a  laom  a  .  (8) 


3-14 


Page  determined  to  be  Unclassified 
Reviewed  Chief,  RDO,  WHS 
lAWE0 13526,  Section  3.5 


Date; 


2  6  W  2013 


The  calculation  schezne  uaed  ia  somewhat  overnowerful  for  this  problem, 
the  result  of  which  could  have  been  seen  directly.  The  same  method,  how* 
ever,  may  be  used  for  the  more  subtle  problem  of  calculating  the  fluctuation 
of  I,.  __ 

7 

The  fluctuation  of  is  found  by  calculating  and  mahing  use  of  the 
identity: 


<9) 


The  expression  for  for  the  case  where  m  particles  are  assumed  is 

•  [“I  “'"j’  ]  • 


Averaging  over  the  variety  of  particle  sizes  gives: 


m  m 


a.  )„  =  M8Qr  0(dj)0(d^)n'(d^.t)n’(d2.t).. 


n'(d_,t)6d,  8d,  ...  8d, 


xn 


(11) 


The  double  sum  contains  two  distinct  types  of  terms,  as  seen  in 


(j£a\  =  (I  ^  /  [«r(d.)]^n'{dj,t)ftd. 


+  (180  ^  Ej  [-^  ^‘ijl  •  (^2) 


iftj 
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There  are  m  terms  of  the  first  typei  whereas  the  rsmaiaing  ai  -  m  terms 
aro  of  the  second  type.  Thus 


{1,^)  =  (IBI)  m  +  (ifiO  ni(m*l) 

m 


(13) 


Again  lifting  the  restriction  to  m  particles; 


=  E  P(m)  •  (i  h 

m=o  ™ 


.2  ,2  ^  _  .2  -2  * 


=  (lOQ)  0  m  p(m)  +  (160  0*  J]  m(m'l)p(m) 

m=o  mao 


(180)^  J 


—  2  _ 2-2 

mo  +  m  0 


]• 


(14) 


„ — ? 

The  mean  square  fluctuation  (I  -  I  )  is  therefore 

B  8 


(Ij  '  *  (I  60  )^  m  0^  , 


(15) 


and  the  fractional  root  mean  square  fluctuation  is 


f- 


^:S. 

» 


(16) 


This  completes  the  ceflculation  of  the  fluctuation.  It  is  to  be  noted  that 

-2  T 

in  the  case  of  a  monodisperas  aerosol,  a  =  o  so  that  the  fluctuation  pro- 
vldee  a  direct  measure  of 


m  =  ^ 


(17) 
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If  the  aeroeol  is  polydisperse,  we  have  o  >  ?  ao  that  polydlspersity  In* 

c  i  e  ae-  the  fluctuation,  as  one  might  expect.  The  formula  shows  the  form 
of  the  dependence. 

The  formula  for  the  fluctuation  is  general  in  that  the  distribution 
n'(d.  t)  from  which  it  la  derived  has  been  left  quite  arbitrary.  More  specific 
results  are  available  if  a  specific  form  for  n'(d,t)  is  assumed.  Before  taking 
the  full  step,  assuming  n'(d,  tao)  is  logarithmic  normal,  we  digress  slightly 
to  arrive  at  an  unexpected  result.  It  will  now  be  assumed®  that 


ff(d) 


(18) 


and  that 


N'(d,t)  »  br*{d,o) 

•  •*p[  - 

ii?i. 

In  consequence 

N{t) 

=  ;N'(d.t)5d 

=  /N'(d,  o)exp 

1  Od. 

and 

n'(d,t) 

_  N'(d.t) 

N'(d,  o)  •  exp 

/  N'(d,o)  •  exp 

Bd 

(19) 


(20) 


(21) 
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Th#  expression  for  the  average  scattered  light.  Equation  18), 
=  180  S"5  ■  lao  N(t)  /o(d)  n'(d,t)  8d 

^  180  ^  /c(d)  N'(d,t)  8d  . 

The  rate  of  chaage  of  is 

dl  av  . 

«  180-^  /<r{d)  g|-  N'(d,t)ad 

Now, 

^  N  {di  t)  s  N'(d,o)  ^  exp 

a  -N'(d,  o)  exp  tj 

*  ■  ^  ’  N'{d,t)  . 

It  may  be  noted,  however,  that 

■  Mot  '  ^  • 
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80  that 


dl 

» 


8pg  6V 

mo^ien 


.  2 

/[0(d)]  N'{d,t)6d 
N(t)  /[  a(d)]^n'(d,t)  fld 


But  (I8n  m 


7 


i»  the  mean  square  fluctuation. 


Thu  8 


(26) 


ST 


m  <^8  *"^8^ 


(27) 


In  other  word8>  the  rate  of  change  of  the  light  scattering  is  proportional  to 
the  fluchiatlon.  The  remarkable  point  is  that  the  expression  is  quite  in> 
dependent  of  the  initial  particle  size  distribution  N'(d>o).  This  relation  may 
afford  a  means  of  directly  checking  the  degree  of  validity  of  the  assumed 
relations; 


0(d) 


and 


N'{d,t)  3  N'(d,o)  .  exp  . 

It  may  also  be  noted  that,  under  the  hypotheses  introduced: 
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which  may  help  to  clarify  the  aigniiicance  of  the  logarithmic  derivative.  It 
i«  iadependeat  of  m  as,  of  course,  it  should  be  for  nonagglomerative  decay. 

.i  -t  IS  assumed  that  the  initial  particle  size  distribution  is  logarithmic 
normal,  it  may  be  seen  that  the  various  expressions  take  on  the  form  of  the 
turbulent  settling  integral  discussed  in  the  last  report.  This  point  will  be 
reported  on  at  a  later  date. 

3.  4  A  Swirl  Powder  Disperser 

It  was  mentioned  previously^  that  the  present  method  of  dispersing 
powders  in  the  aerosol  decay  chamber  leaves  something  to  be  desired. 

During  the  present  report  period,  a  new  dispersing  system  was  designed. 

The  new  dispersing  system  differs  from  the  old  system  in  that  1)  it  is  in¬ 
tended  to  introduce  the  powder  over  a  period  of  several  seconds  rather  than 
in  a  sudden  burst  as  did  the  old  disperser;  and  2)  the  new  disperser  is  de¬ 
signed  to  partially  aerosolize  the  powder  before  injection. 

The  swirl  disperser,  shown  schematically  in  Figure  3.  9>  conaists  of  a 
shallow  cylindrical  chamber  which  is  mounted  edgewise  on  the  aerosol  cham¬ 
ber  wall.  Dry  nitrogen  is  admitted  into  the  cylindrical  disperser  chamber 
(which  is  two  inches  in  diameter  and  about  one-half  inch  deep)  through  two 
tangential  jets  (711  microne  in  diameter)  in  such  a  way  that  the  powder  is 
made  to  swirl.  There  are  two  exit  ports,  each  lOlh  microns  in  diameter, 
that  form  a  45-degree  angle  with  the  tangent  to  the  powder  chamber. 
Therefore,  powder  particles  must  negotiate  a  sharp  45-degree  turn  In  order 
to  leave  the  disperser.  The  ratio  of  outlet  port  area  to  inlet  port  area  is 
about  2:1;  therefore,  at  equilibrium  flow  conditions,  the  pressure  in  the 
dispersing  chamber  is  one-half  the  supply  pressure.  Both  inlet  and  exit 
flow  are  sonic,  provided  the  supply  pressure  is  greater  than  45  psi.  Flow 
rate  is  of  the  order  of  Liters  of  free  gas  per  second. 

An  experimental  model  of  the  new  disperser-produced  aerosols  that  in 
general  were  considerably  more  stable  than  those  produced  by  the  old  dis¬ 
perser.  The  major  drawback  of  the  swirl  disperser  is  that  a  powder  residue 
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coatt)  or  In  the  case  of  some  powders,  actually  cake#  up  the  Inside  of  the 
dlsperier.  A  carefully  made  model  with  polished  internal  surfaces  may 
alleviate  these  difficulties.  While  the  swirl  disperser  may  not  be  the  ulti¬ 
mate  dispersing  system,  it  at  least  provides  an  alternative  method  of 
dispersing  powders. 

3.  5  Conclusions  and  Plana  for  Future  Work 


The  experimental  work  of  this  quarter  has  revealed  some  pronounced 
effects  of  humidity  on  the  stability  of  aerosols.  One  surprising  feature  is 
that  for  some  powders  the  decay  rate  does  not  vary  monotonically  for  in¬ 
creasing  humidity.  Some  of  the  humidity  runs  will  be  repeated  using  the 
new  dispersing  technique  described  in  Section  4. 

Investigations  up  to  this  point  have  involved  injecting  particles  into  an 
atmosphere  containing  a  background  level  of  about  10^  lons/cm^.  Future 
work  is  planned  vdiere  this  ion  concentration  may  be  pushed  up  to  10^/cm^ 
by  mesne  of  a  Whitby-type  ion  generator.  This  device  produces  either  posi¬ 
tive,  negative,  or  equal  amounts  of  positive  and  negative  ions. 

One  may  expect  that  work  with  different  ion  conceotratlons  will  add 
considerably  to  our  knowledge  of  aerosol  stability.  Ion  injection  may  prove 
a  useful  experimental  tool  in  determining  the  relative  importance  of  decay 
processes,  since  Injection  of  ions  of  one  sign  only  will  clearly  favor  aerosol 
decay  by  precipitation  on  walls,  whereas  injection  of  ions  of  both  signs 
would  favor  agglomeration.  The  literature  on  charged  aerosols  is  rather 
extensive  and  should  prove  helpful  in  interpreting  experimental  results. 
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4.  DISSEMINATION  AND  DEAGGLOMERATION  STUDIES 


4.  1  Ganeral 

During  this  period  the  blow>down  wind  tunnel  was  utilized  in  three 
separata  investigations  related  to  the  dissemination  of  dry,  {inely>divided 
materials.  Major  emphasis  was  devoted  to  defining  the  maxinmin  bulk  den> 
sity  of  Sm  which  could  be  efficiently  aerosolized  by  the  aerodynamic  break¬ 
up  mechanism.  For  these  teats  the  concentration  of  the  fine  aerosol  cloud 
was  determined  over  a  range  of  bulk  densities.  When  used  in  conjunction 
with  our  other  methods  of  assessing  the  aerosol,  i.  e. ,  filter  and  impactor 
samples  for  observation  of  small  and  large  agglomerates  respectively,  this 
method  serves  to  establish  the  point  where  dissemination  becomes  inefficient 
as  bulk  density  is  Increased.  Secondly,  an  investigation  was  conducted  to 
determine  the  aerodynamic  performance  of  the  ejector  shroud  component  of 
the  prototype  dry  agent  disseminator,  so  as  to  minimize  the  contamination 
of  the  store.  Thirdly,  a  study  was  made  of  the  effect  of  storing  Sm  in  a 
compacted  state. 

4.  2  Aerosol  Concentration  Measurements 

In  studying  the  performance  of  the  GMl-3  disseminator  in  the  wind 
tunnel  at  a  flow  rate  of  30  Ib/min  by  use  of  the  full-flow  impactor.  it  was 
found  that  the  quantity  of  Sm  in  the  form  of  large  agglomerates  (100  to  500 
microns)  Increased  rapidly  when  the  bulk  density  was  increased  above  0.  60 
g/cm^.  However,  at  these  high  densities  it  was  impossible  to  determine 
directly  the  quantity  of  material  comprising  these  agglomerates,  since  many 
of  them  were  impacted  on  the  tunnel  wall  opposite  the  point  of  ejection. 
Therefore,  it  was  found  advantageous  to  sample  the  fine  aerosol,  which  was 
essentially  deagglomerated,  to  determine  its  change  in  concentration. 
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Impactor  teats  have  shown  that  the  large  agglomerates  were  heavily 
concentrated  in  the  top  half  of  the  tunnel,  opposite  the  point  of  dissemina¬ 
tion.  Also,  it  was  found  that  the  fine  deagglome rated  aerosol  cloud  was 
located  along  the  bottom  wall.  In  order  to  sample  the  fine  aerosol,  the  high- 
velocity  sampling  probe  was  located  at  0,  5  inch  from  the  bottom  wall  and 
samples  were  collected  on  Millipore  filters.  The  quantity  of  Sm  collected 
was  determined  by  measuring  the  turbidity  of  the  samples  with  a  calibrated 
Bausch  and  Lomb  spectrophotometer  (light  extinction  method). 

In  Figure  4.  1  the  resuite  of  this  work  are  given  for  free  stresm  Mach 
numbers  0.5  and  0.  8.  The  measurements  indicate  that  the  concantratlsn  of 
the  fine,  deagglome  rated  aerosol  is  essentially  independent  of  the  bulk  den¬ 
sity  in  the  range  0.  33  to  0.  57  g/cm^.  However,  above  this  range  the  quan¬ 
tity  of  material  in  the  fine  aerosol  cloud  decreases  with  Increasing  buUt 
density.  Conversely,  the  results  indicate  that  as  the  bulk  density  exceeds 
0.  57  g/cm  ,  a  greater  quantity  of  the  material  is  comprised  of  large  ag¬ 
glomerates  which  do  not  readily  break  up. 

Notice  that  the  two  curves  break  at  approximately  the  same  bulk  density. 
This  was  a  rather  unexpected  result  since  the  maximum  aerodynamic  force 
exerted  on  agglomerates  during  dissemination  is  proportional  to  the  square 
of  the  free  stream  velocity.  At  Mach  number  0.  8  the  deagglomeration  force 
is  about  2.  5  times  that  at  Mach  number  0.  5.  An  explanation  for  this  behavior 
is  that  the  strength  of  the  large  aggjomera.tes  increases  rapidly  with  bulk 
density  in  the  region  of  the  break  point.  Figure  4.  2  shows  the  force  required 
to  compact  this  lot  of  Sm  to  bulk  densities  up  to  0.  61  g/cm^.  The  curve  is 
an  exponential  that  increases  rapidly  with  increasing  bulk  densities  above  the 
0.  55  g/ cm^  level. 

The  experimental  technique  employed  in  this  study,  measurement  of  the 
deagglomerated  aerosol  concentration,  depends  on  the  classification  of 
material  into  large  agglomerates  and  a  fine  aerosol.  In  order  to  determine 
whether  the  samples  collected  were  representative  of  the  fine  aerosol  con¬ 
centration  and  to  determine  the  effect  of  sampling  probe  position,  the 
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Figure  4.  1  Concentration  of  Fine  Sm  Aerosol  Cloud  in  "Wind  Tunnel  as  a 

Function  of  Bulk  Density  ~  Samplmg  Probe  at  0.  5  inches  from  Wall 
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Pressure  Required  to  Compact  Sm  having  a 
Mass  Median  Oiameter  of  6.  2  Microns 
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concaatration  gradient  within  the  fine  aeroaol  cloud  was  measured  for  the 
two  bulk  densities  0,  33  and  0.  S7  g/cm^.  The  results  are  shown  in  Figure 
4.  3.  The  concentratioa  of  the  aerosol  cloud  was  essentially  the  same  for 
the  two  cases,  indicating  that  the  quantity  of  material  that  was  deaggloin> 
erated  during  dissemination  was  similar.  There  appears  to  be  some  dififer- 
ence  In  the  gradient  at  the  0.  75-lnch  distance;  however,  this  should  have 
only  a  small  effect  on  the  whole  fine  aerosol  cloud.  The  difference  in  the 
absolute  values  shown  in  Figures  4.  1  and  4.  3  is  due  to  an  eesentlally  sys¬ 
tematic  error  in  tha  data  of  Figure  4. 1.  Since  this  study  is  concerned,  with 
relative  changes  in  concentration,  such  an  error  does  not  affect  the  inter¬ 
pretation  of  the  daU. 

It  can  be  concluded  from  this  study  that  tha  maximum  Sm  bulk  density 
which  Is  feasible  for  dissemination  is  about  0.  58  g/cm^.  It  la  important  to 
realise  that  the  Sm  simulant  was  not  stored  in  the  compacted  state  for  this 
work.  Recent  data  indicate  that  storage  of  the  compacted  material  will 
somewhat  reduce  this  value  (see  Section  4,  5). 

^  Shroud  Investigation  —  Prototype  Dry  Agent  Disseminator 

In  planning  the  prototype  dry  agent  disseminator,  it  was  decided  that  the 
agent  should  be  injected  into  the  air  stream  at  a  substantial  distance  outward 
from  the  disseminator  store  to  prevent  excessive  contamination  of  the  unit. 
Wind  tunnel  studies  have  shown  that  the  agent  aerosol  cloud  will  flow  along 
ths  skin  of  the  store  if  the  orifice  is  positioned  flush  with  the  surface. 

The  original  shroud  design  is  shown  in  our  previous  report \  It  pro¬ 
jects  outward  five  inches  from  the  store.  Because  ths  requirements  that 
the  shroud  must  conUln  a  valve  mechanism  and  that  the  cord  length  could 
not  exceed  ten  Inches,  an  elliptical  cylinder  configuration  was  chosen.  This 
shape  is  not  the  most  satisfactory  from  the  aerodynamic  standpoint,  and 
therefore,  a  plate  was  designed  for  the  end  of  the  shroud  which  would  pre¬ 
vent  the  aerosol  front  flowing  into  the  low-pressure  separation  region  along 
the  trailing  edge. 
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Figure  4.3  Concentration  Profile  of  Fine  Aerosol  Cloud  Generated  in 
Wind  Tunnel  with  Mach  Number  0.  5  Air  Stream 
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Vary  little  information  on  such  an  application  is  available  in  the  liter¬ 
ature.  Consequently.  It  was  neceaaary  to  investigate  its  performance  in 
the  blow-down  wind  tunnel.  A  modal  of  the  shroud  was  constructed  to  a 
scale. of  one-fifth. the  achusl  sisa.  The  cross-sectional  area  of  the  model 
was  approximately  11  percent  of  that  of  the  tunnel,  allowing  a  free  stream 
Mach  number  of  0.  65  to  be  investigated  without  choking  the  flow  at  the  model. 
To  simulate  the  prototype  unit,  the  ratio  of  the  wall  boundary -layer  thick¬ 
ness  to  model  length  was  made,  similar  to  the  actual  case.  The  boundary- 
layer  thickness  was  measured  and  found  to  be  in  agreement  with  our  pre¬ 
viously  calculated  values.  The  Reynolds  number  of  the  shroud  is  another 
Important  parameter.  However,  It  was  Impossible  to  simulate  the  prototype 
in  this  respect.  The  Reynolds  number  based  on  the  length  of  the  shroud 
from  the  leading  edge  will  be  about  36.  7x10^  for  the  prototype  unit,  udiile 
the  maximum  we  could  obtain  from  the  model  was  2.  I  x  10^.  Since  flow 
••P*yMion  is  rstardsd  with  increased  Reynolds  number,  the  results  from  the 
wind  tunnel  study  can  be  considered  conservative,  1.  e. ,  the  prototype  should 
perform  batter  than  the  model. 

The  investigation  was  primarily  based  on  photographic  observations  of 
the  asrosol  flow  pattern  and  powder  deposits  on  the  tunnel  wall  and  model. 
Asroeols  were  generated  irom  four  materials:  talc,  sine  cadmium  sulfide, 
iron  oxide  pigment,  and  Sm.  The  pigment  was  most  helpful  when  studying 
the  powder  deposit#,  while  Sm  and  talc  were  eepecially  suitable  for  observ¬ 
ing  the  aerosol  flow  pattern  during  the  teste. 

The  firet  runs  ware  conducted  without  the  end  plate  mounted  on  the 
shroud.  The  resulting  flow  pattern  was  unsatisfactory  as  a  portion  of  the 
aerosol  flowed  downward  along  the  back  of  the  shroud  before  moving  in  the 
downstream  direction.  There  was  a  large  amount  of  powder  deposited  on 
the  tunnel  wall  with  thie  configuration. 

By  adding  the  end  plate  to  the  shroud  the  amount  of  material  deposited 
on  the  back  of  the  model  and  tunnel  was  significantly  reduced,  although  this 
arrangement  was  still  considered  unsatisfactory.  Figure  4.4  shows. the 
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Figure  4.  4  Di^poaitioa  of  Iron  Oxide  on  Trailing 
Edge  of  Shroud  and  on  Tunnel  Wall 
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model  and  tunnel  wall  depoaita.  Note  that  on  the  wall  there  appears  to  be 
two  deposit  areas.  One  is  located  at  the  back  oi  the  shroud  while  the  second 
begins  about  three  inches  downstream  of  the  shroud  and  continues  downward 
along  the  tunnel.  The  explanation  for  this  pattern  is  that  the  material  waa 
collected  on  the  modal  because  a  portion  of  the  aerosol  flowed  directly  Into 
the  separation  region  along  the  back  of  the  shroud,  while  the  wall  deposit  re¬ 
sulted  from  turbulent  mixing  downstream  of  the  shroud. 

Modifications  were  made  to  the  original  model  to  reduce  the  effect  of 
flow  separation.  Roughness  elements  such  as  fine  emory  cloth  and  wires 
were  secured  to  the  forward  surface  of  the  model  to  generate  a  turbulent 
boundary  layer  on  the  model  and  thereby  retard  the  separation  point  on  the 
model.  However  when  these  tests  were  made,  much  more  material  was 
deposited  on  the  base  wall.  In  actuality  these  turbulence  generators  caused 
more  severe  separation  because  they  were  too  thick  lor  the  existing  boundary 
layer. 

In  another  case,  air  was  injected  into  the  separation  region  behind  the 
shroud  to  increase  the  pressure.  These  testa  showed  that  by  this  technique 
all  material  deposits  on  back  of  the  shroud  and  on  the  wall  directly  behind 
the  shroud  could  bo  eliminated.  However,  the  only  solution  for  reducing 
the  downstream  wall  deposit  was  to  add  a  faring  to  the  back  of  tlie  shroud 
which  would  reduce  turbulent  mixing. 

Figure  4.  5  shows  the  model  faring  modification  that  was  tested.  The 
length  was  Increased  by  50  percent.  Observations  and  motion  pictures  such 
as  shown  in  Figure  4.6  indicated  this  configuration  was  a  substantial  im¬ 
provement  over  the  original  one. 

As  a  result  of  this  wind  tunnel  study,  the  shroud  design  for  the  prototype 
unit  was  modified.  The  dimtaeions  for  the  new  shroud  are  given  in  GMl 
drawing  SK  29100-795  in  Appendix  A. 

To  estimate  the  amount  of  material  that  might  coUect  on  the  dissemina¬ 
tor  store  using  the  improved  shroud  deuign,  a  known  quantity  of  viable  Sm 
was  injscted  into  the  wind  tunnel.  Three  areas  of  the  tunnel  were  washed 
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Figure  4.  5  Modified  Model  Disseminator  Shroud 
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down  and  the  saznplee  were  aeeayad  ueing  standard  tachniquee.  Figure  4.7 
shows  the  concentration,  of  viable  organisms  on  the  wall  as  a  function  of  dis¬ 
tance  from  the  injection,  point.  The  contamination  incraasa,'  beginning  about 
nine  inches  downstream  of  the  ejection  point,  indicates  that  turbulent  mixing 
becomes  Important  in  this  region.  If  the  scale  model  had  been  made  with  a 
portion  of  the  under  side  of  the  store,  the  tapered  tail  section  would  begin  at 
about  six  inches  downstream  of  the  point  of  diseemination.  Since  the  stpre 
begins  to  taper  well  ahead  of  the  region  where  contamination  increase  was 
observed*  it  is  believed  that  the  condition  will  be  much  more  favorable  on 
the  prototype  unit.  The  total  organism  count  on  the  tunnel  wall  over  the  0 
to  8-inch  length  was  found  to  be  5x10^  organisms  when  the  wind  tunnel  was 
operated  at  Mach  number  0.  5.  Since  15.  1  x  10^^  organisms  were  aero¬ 
solized  during  this  run,  about  3,  3  x  10'^  percent  of  the  material  dissemi¬ 
nated  may  collect  on  the  store.  It  should  be  emphasized  that  this  is  only  a 
rough  prediction  of  the  contamination  that  could  be  expected  on  the  actual 
store.  It  is  extremely  difficult  to  simulate  the  actual  flow  conditions  around 
such  a  store  with  a  sealed-down  model.  However,  we  believe  that  if  any 
difference  exists  between  the  prototype  and  the  model,  the  prototype  store 
will  have  the  better  performance. 

4.  4  Wind  Tunnel  Boundary  Layer 

In  the  above  shroud  investigation  it  was  pointed  out  that  the  ratio  of 
boundary-layer  thickness  to  shroud  length  was  important  in  scaling  the 
model.  Therefore,  the  boundary -layer  profile  was  measured  at  Mach  num¬ 
bers  0.  5  and  0.  8  and  compared  with  a  theoretical  calculation  similar  to  that 

a 

discussed  in  our  earlier  report  . 

The  velocity  profile  was  determined  by  meaauring  the  stagnation  pres¬ 
sure  at  numerous  points  in  the  air  stream  and  the  static  pressure  at  the 
tunnel  wall.  The  temperature  within  the  boundary  layer  was  assumed  con¬ 
stant.  A  double  impact  probe  was  made  from  0.  032-incb  outside  diameter 
tubing  such  that  for  each  run  two  stagnation  pressures  were  measured,  one 
in  the  free  stream  and  the  other  within  the  boundary  layer. 
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Figure  4.  7  Concentration  of  Viable  Organisms  on  Wind  Tunnel  Wall 
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The  reeuUing  boun<]ary.layar  profUee  are  ahown  in  Figurea  4.  8  and  4.  9 
for  free  atream  Mach  nutnbera  0.  3  and  0.  8>  reapectively.  The  velocity, 
plotted  on  the  abaciaaa.  la  norinalised  to  the  free  atraam  velocity.  Notice 
that  the  meaaured  boundary -layer  thickneaa  ia  aixntlar  to  the  calculated 
value  in  both  caaea  and  that  the  free  atream  velocity  ia  quite  uniform. 

Within  the  boundary  layer,  a  difference  between  the  theoretieal  and  mea- 
aurad  profile  may  be  due  to  atagnation  probe  errora  or  the  fact  that  the 
boundary  layer  ia  in  tranaitlon  from  the  laminar  to  the  turbulent  boundary 
condition.  Correction  factora  were  calculated  to  determine  the  probe  error, 
which  waa  found  negligible.  Uaing  the  Reynolda  number  baaed  on  tunnel 
length  (Reynolde  number  =  1.  77  x  10^  for  Mach  number  0.  5;  Reynolda  num¬ 
ber  3  Z.  82  X  10  for  Mach  number  0,  8)  aa  the  criterion  for  Judgment,  it  ia 
thought  that  the  boundary  layer  ia  in  tranaitlon  between  the  purely  laminar 
and  turbulent  conditlona. 


4.  3  Sm  Storage  Test 


The  influence  of  atoraga  on  the  phyaical  propertiea  of  compacted  pow- 
dera  ia  eonaidered  an  important  parameter  in  diaaemination.  In  the  caae  of 
noncompacted  Sm,  atorage  perioda  on  the  order  of  one  year  have  very  littla 
detrimental  effect  on  the  aeroaolization  of  the  material.  In  our  diaeemina- 
tlon  testa,  only  small  amounts  of  strong  agglomerates  have  been  observed 
In  material  that  has  been  stored  at  a  temperature  of  O’F  for  long  perioda. 

A  study  waa  conducted  to  determine  whether  storage  of  8m  in  the  com¬ 
pacted  form  would  reduce  the  aeroeolication  efficiency  during  dissemination. 
Therefore  Sm  waa  compacted  to  densities  ranging  from  0.52  to  0.60  g/cro^ 
in  a  dry  box  and  stored  in  a  deep  freeze.  After  ten  weeks  the  material  was 
diasaminated  with  the  GMI-3  fixture  at  a  flow  rate  of  about  30  Ib/mln  into 
the  wind  tunnel  at  Mach  number  0.  5. 

Our  standard  methods  of  assessing  the  aerosol  were  used  which  included 
the  full-flow  Impactor  and  the  sampling  probe.  There  was  a  definite  change 
In  the  characteristics  of  the  material  -  over  the  full  density  range  covered 
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Figure  4.  8  Wind  Tunnel  Boundary* Layer  Profile  with 
Mach  Number  0.  5  Free  Stream 
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Figure  4.  9  Wind  Tunnel  Boundary-Layer  Profile 
with  Mach  Number  0.  8  Free  Stream 


4-16 


IN  full 
13626 

»«.R^aOeel«ij|,,WHS 

2  6  APR  2013  ^ 


ther«  was  an  increase  In  agglomeratas  present  in  the  aerosols.  Material 

•y 

stored  at  density  0.  60  g/cm  did  not  aerosolize  satisfactorily.  An  exces* 
■ive  amount  of  large  agglomerates  (100  to  500  microns)  were  observed  on 
the  Impactor  plate.  Results  with  this  particular  material  were  similar  to 
those  obtained  at  0.  65  g/ cm^  when  the  material  was  not  stored  in  the  com¬ 
pacted  condition. 

Material  stored  at  0.  54  g/cm^  aerosolized  satisfactorily.  In  analyzing 
the  filters  for  small  scale  agglomeration  (5  to  20  noicrons),  it  was  found 
that  because  of  agglomeration  in  the  5  to  20 -micron  range  an  estimated  14 
percent  of  the  useful  1  to  S-micron  material  was  lost^. 

Based  on  these  storage  investigations >  it  appears  that  the  maximum 
bulk  density  that  can  be  stored  for  relatively  long  periods  and  subsequently 
disseminated  satisfactorily  is  about  0.  55  g/cm^  Thus,  the  effect  of  storage 
will  tend  to  reduce  the  maximum  density  that  can  be  feasibly  disseminated 
as  shown  in  Figure  4. 1. 

A  larger  and  more  detailed  study  of  the  effects  of  storage  on  the  charac¬ 
teristics  of  compacted  Sm  has  been  planned  for  the  future.  It  will  continue 
for  a  year  so  as  to  provide  data  for  a  relatively  long -storage  period.  In  the 
investigation,  information  will  also  be  obtained  on  the  viability  of  the  stored 
Sm. 
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5. .  CONTINUATION  OF  EXPERIMENTS  WITH  THE  FUUL-SCALE  FEEDEtl 

FOR  COMPACTED  DRY  AGENT  SIMULANT  MATERIALS 

t 

5. 1  Testa  M  0.  65  g/cm^  Density 

During  the  period  covered  by  this  report,  the  full-icele  experimental 
feeder  was  operated  successfully  with  a  load  of  talc  compacted  to  a  density 
of  0.  65  g/cm^.  The  schedule  permitted  only  one  series  of  runs  to  be  made 
at  this  density.  The  feeder  was  then  removed  from  the  teat  stand  so  prepa¬ 
rations  could  be  made  for  testing  the  second  experimental  unit^^,  which  is 
similar  in  design  to  the  first-generation  airborne  dry  agent  disseminator.. 

The  arrangement  used  In  conducting  this  series  of  rune  at  0.65  g/cm^ 
density  was  the  same  as  was  used  in  the  work  that  has  been  reported  pre- 

,  .  11.12  ,  ,  r 

viously  ..  In  a  series  of  16  rune  with  the  feeder  driven  at  24  rpm,  the 
average  feed  rate  was  determined  to  be  53  Ib/min.  Approximately  320 
pounds  of  talc  were  fed  during  these  runs.  Air  was  supplied  to  the  feeder 
at  rates  ranging  from  4  to  10  std  cfm.  The  pressure  as  measured  Inside 
the  feeder  varied  from  3  cm  Hg  at  4  std  cfm  air  rate  to  8  cm  Hg  at  10  std 
cfm. 

The  driving  torque  was  observed  to  vary  between  and  27  ft-lb.  At  a 
speed  of  24  rpm,  the  27  ft-lb  torque  requirement  results  in  an  input  of 
0.  12  hp  to  drive  the  feeder. 

5.2  Wind-Tunnel  Dieeemination  of  Talc  Discharged  from  Feeder 

This  series  of  runs  was  also  used  to  provide  a  sample  of' talc  that  was 
disseminated  in  the  high-speed  wind  tunnel  to  observe  subsequent  breakup 
into  basic  particles.  Virgin  talc  at  an  Initial  compacted  density  of  0.  5 
g/.cm  was  desired  for  this  sample,  whereas  a  higher  density  was  to  be 
used  for  the  actual  test  runs.  The  virgin  material  was  loaded  so  as  to  dis¬ 
charge  first  when  the  feeder  was  operated. 
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The  material  sampled  from  the  feeder  discharge  was  diasemlnated  in 
the  wind  tunnel  using  the  GM1>3  disseminator  and  standard  techniques.  The 
tunnel  was  operated  at  Mach  0.  5.  and  aerosol  samples  were  obtained  with 
the  fuU-discharge  Impactor  on  one  run  and  the  high  velocity  sampling  probe 
on  the  other. 

The  Impactor  has  a  cutoff  point  at  about  6  microns.  l!8ssnti^y  no  large 
agglomerated  material  was  foxind  on  the  impactor »  indicating  that  the  talc 
was  deagglomerated  very  well.  The  material  collected  on  the  filter  in  the 
eampling  probe  was  examined  under  the  microscope.  There  was  no  signifi'^ 
cant  agglomeration.  A  majority  of  the  material  was  collected  in  the  form 
of  basic  partlclesi  and  the  agglomerates  that  were  observed  consisted 
mainly  of  doublets  and  triplets. 

5.  3  Operation  with  Uncompacted  Talc 

Because  of  the  emphasis  which  has  been  placed  on  disseminating  com¬ 
pacted  agents*  all  of  the  experiments  with  the  first  full-scale  experimental 
feeder  were  conducted  with  compacted  powder.  When  the  second  experimen¬ 
tal  feeder  was  completed,  a  few  days  were  devoted  to  operating  the  unit 
with  uncouipaded  talc.  The  loose  bulk  powder  was  loadsd  into  the  dis¬ 
seminator  with  the  unit  standing  on  end.  It  was  possible  to  put  150  pounds 
of  talc  into  the  unit  for  each  of  two  test  series.  The  average  density  was 
calculated  to  be  approximately  0.  25  g/cm  . 

The  observations  made  during  these  tests  with  uncompsMted  talc  are 
not  sufficient  to  justify  detailed  discussion  of  the  results.  However,  the 
unit  was  capable  of  feeding  the  powder  in  a  fairly  uniform  manner  and  for 
this  reason  the  data  are  presented  here  to  document  the  teats. 

The  results  are  summarized  in  Table  5.  1  and  in  Figures  5.  1  and  3.  2. 
Only  the  first  run  with  the  first  loading  is  documented  because  the  remain¬ 
der  of  the  material  was  expended  in  miscellaneous  experimental  operation 
of  the  unit.  Attempts  to  get  high  powder  flow  rates  by  operating  at  37  rpm 
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Figure  5.  2  Powder  Flow  Rate  Curves  for  Second  Experimental  Unit 
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ia  ntna  2-1  and  2-2  ware  not  aucceaafdl;  the  drive  belt  used  to  drive  the 
diatemioator  slipped  on  the  input  pulley  to  the  gear  reduction  unit  in  the 
teat  stand.  Operation  at  25  rpm  reaulted  in  a  fairly  uniform  diacharge  rate 
for  run  1-2  and  identical  rates  for  rune  2-3  and  2-4.  The  rate  of  23  Ib/mln 
for  rune  2-3  and  2-4  agreed  well  with  the  rate  at  the  end  of  run  .1-1. 

The  majdmum  torque  obeerved  during  these  trials  was  approximately 
30  ft-lb. 


Table  5.  1  Summary  of  Data  Obtained  Mfhile  Operating  the 

Second  Experimental  Unit  with  Uncompacted  Talc 


Run  No. 

Q 

Speed  (rpm) 

Rate  (Ib/min) 

1-1 

5.7 

25 

14-22 

2-1 

3. 1 

37* 

8.5-34.5 

2-2 

4.0 

37* 

10-19.5 

2-3 

3.3 

25 

23 

2-4 

3.  1 

25 

23 

The  rpm  was  not 

constant  because  of  belt  slippage 

on  drive  pulley. 
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6.  DESION  AND  FABRICATION  OF  THE  FIRST  -GENERATION  PROTO¬ 
TYPE  DRY  AGENT  DISSEMINATING  STORE 


The  general  configuration  for  the  first-generation  airborne  dry  agent 
diseominating  store  was  described  in  the  Eighth  Quarterly  Progress  Repoit^^. 
During  the  period  covered  by  this  reporti  work  has  progressed  on  the  design, 
fabrication,  and  procurement  of  all  parts  of  the  disseminator, 

6.  1  Store  Structure 

During  the  reporting  period,  a  purchase  order  was  placed  with  Fletcher 
Aviation  Company  of  El  Monte,  California  for  fabrication  of  the  outer  and 
inner  tank  atructurea.  Parts  being  fabricated  by  Fletcher  include: 

1)  The  outer  tanh  akin 

2)  The  strong  back  casting 
31  Tank  reinforcement  rings 

4)  Bayonet  attachmsnt  rings 

5]  inner  tank 

Fletcher  Aviation  Company  will  also  install  the  foam  insulation  between  the 
inner  and  outer  tank. 

Figures  6. 1  through  6.  4  show  fabrication  in  process  at  Fletcher  Aviation 
Company.  In  Figure  6.  1,  an  end  ring  is  being  welded  on  an  outer  tank  center 
section.  The  four  holes  in  the  tank  section  are  for  the  lug  attachmente. 

Figure  6.  2  showe  an  outer  tank  center  section  and  a  strong  back  casting. 
Bayonet  rings  on  tank  center  and  tail  sections  can  be  seen  in  Figure  6.  3. 
Figure  6.  4  shows  an  end  ring  being  welded  on  an  inner  tank. 

Three  store  structures  have  been  ordered  —  one  for  the  airborne  store 
for  flight  tests,  and  two  for  laboratory  structural  tests.  The  structural  tests 
are  scheduled  for  the  latter  part  of  October,  1962. 
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Rotary  Actuator  Anembly 


During  the  reportiug  period,  the  design  of  the  rotary  actuator  was  com¬ 
pleted  and  all  parts  were  released  for  fabrication.  At  the  close  of  the  period 
about  75  percent  of  the  designed  parts  had  been  fabricated  and  all  of  the  pur¬ 
chased  items,  including  the  drive  motor,  had  been  received. 

A  method  of  mounting  the  motor  leads  within  the  actuator  housing  was 
developsd.  This  permits  the  motor  shell  and  support  to  rotate  with  respect 
to  the  outer  shell  during  the  change  of  gears  for  speed  selection. 

During  the  shifting  of  drive  speeds,  the  motor  pinion  becomes  completely 
disengaged  from  one  driven  gear  before  engaging  the  next.  Since  all  gears 
are  in  a  completely  random  rotational  position,  there  is  a  possibility  of  inter¬ 
ference  when  attempting  a  new  gear  mesh.  To  overcome  the  problem,  if  it 
should  occur,  a  system  was  developed  to  "jog"  the  motor  armature  (and 
shaft  and  gear)  when  in  the  disengaged  position.  By  means  of  a  switch  and 
set  of  relays,  a  short  electrical  impulse  is  delivered  to  the  drive  motor  pro¬ 
ducing  the  JOL' 

Two  types  of  dry  lubricants  have  been  tested  on  the  motor  pinion  and 
gears  in  the  speed  change  unit.  Teflon  coating  provided  adequate  lubrica¬ 
tion  but  tended  to  flake  off  during  operation,  A  mixture  composed  of  moly¬ 
bdenum  disulfide  and  graphite  in  a  resin  binder  also  provided  adequate  lubri¬ 
cation. 

Special  effort  has  gone  into  the  design  of  the  coupling  required  between 
the  actuator  output  and  the  drive  screw  of  the  tank  feed  mechanism.  The 
coupling  must  be  very  compact  because  of  the  limited  space  and  must  have 
a  relatively  large  torque  and  horsepower  capacity.  The  evolved  design  is  a 
segmented  type  coupling  with  elastomeric  inserts  and  permits  some  angular 
and  radial  misalinement  as  well  as  axial  motion. 
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6.  3  Cockpit  Control  Panel 


Since  the  solid  agent  disseminator  functions  in  a  manner  quite  differently 
from  the  liquid  agent  unit,  it  has  been  necessary  to  design  a  new  control 
panel  for  the  airplane  cockpit.  An  assembly  drawing  of  this  control  box  is 
presented  in  Appendix  B,  The  panel  contains  two  toggle  switches  and  three 
indicator  lights. 

When  operated,  the  master  switch  connects  28  volt  d«c  airplane  power 
to  the  disseminator  electrical  system.  This  is  accomplished  by  energizing 
a  relay  with  the  switch  action;  the  closing  of  the  relay  contacts  connects  the 
generator  output  to  the  system.  The  relay  and  generator  are  in  the  dis¬ 
seminator  store.  The  second  toggle  switch,  the  arming  switch.  Is  provided 
with  a  guard.  It  is  impassible  to  disseminate  until  this  switch  is  operated. 

In  addition  to  arming  the  circuit,  closing  this  switch  also  fires  the  squibs 
that  blow  out  the  safety  seal  in  the  discharge  tube  through  which  the  agent 
is  disssminatsd.  The  arming  switch  is  wired  In  aeries  with  the  master 
switch. 

The  top  indicator  light  becomes  illuminated  when  the  store  generator 
malfunetlona.  The  center  Indicator  light  shows  when  the  discharge  valve  is 
open,  and  the  bottom  indicator  light  comes  on  when  dissemination  occurs. 
These  Indicators  are  the  "push-to-test"  type  and  can  be  tested  after  the 
master  switch  is  closed. 

The  control  box  is  also  used  as  a  junction  box  through  which  the  dis¬ 
seminator  is  connected  to  the  armament  circuit  used  to  initiate  dissemina¬ 
tion.  The  "pickle"  switch  on  the  control  stick  is  used  for  dissemination. 

At  the  end  of  the  reporting  period,  approximately  50  percent  of  the 
components  for  the  control  box  had  been  received. 
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6. 4  Aft  Actiaator  Control  PAnel 


This  ctintrol  pansl  is  located  within  the  store  just  aft  of  the  actuator 
assembly  and  le  reached  through  an  access  door.  Its  purpose  is  to  provide 
extra>cockpit  control  of  the  actuator  and  tank  drive  mechanism  positions 
during  servicing.  The  unit  contains  a  toggle  switch  to  cut  out  the  normal 
automatic  operation  of  the  drive  system  and  permit  local  manual  control. 
Two  pushbutton  switches  initiate  the  inward  and  outward  motions  of  the 
drive  pistons  -  essentially  forward  and  reverse  controls.  Two  indicator 
lights  signal  when  the  pistons  have  reached  either  extreme  poeition.  A 
separate  pushbutton  switch  is  used  to  stop  the  actuator.  Provision  is  also 
made  for  the  switch  to  Jog  the  motor  armature  for  gear  meshing  if  this  fea¬ 
ture  proves  to  be  necessary. 

6.  5  Dry  Nitrogen  System 

0 

The  dry  nitrogen  system  was  described  in  the  Eighth  Quarterly  Pro- 
Rapoft  During  the  past  quarter,  effort  was  devoted  to  fabrication 
and  procurement  of  the  various  components  in  the  gas  system.  An  order 
was  placed  with  Tavco,  Inc.  of  Santa  Monica,  California  to  furnish  the 
pressure  vessel  with  electrical  heater  and  an  integral  valve  and  pressure 
regulator  assembly  containing  the  following;  high-pressure  relief  valve, 
charging  valve,  manual  shutoff  valve,  solenoid  valve,  ground  checkout  valve, 
pressure  regulator,  low-pressure  relief  valve,  ground  checkout  discharge 
port,  and  high  and  low-pressure  gages. 

Two  methods  of  filling  the  system  with  high-pressure  nitrogen  were 
investigated:  1)  using  a  compressor  to  pump  nitrogen  from  2200  or  2400- 
psi  cylinders  into  the  pressure  vessel,  and  2)  using  6000-psi  cylinders  to 
top  off  after  partial  filling  with  standard  cylinders.  The  method  of  cascading 
high-pressure  nitrogen  vessels  into  the  system  vessel  was  considered  most 
practical  for  filling  the  first -generation  flying  model.  Two  ground  carta  will 
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be  employedt  one  cart  carrying  three  manifolded  2400-pai  bottlaii  and  the 
other  tranaporting  a  6000 -pai  bottle.  The  2400.pal  bottlaa  will  bo  uaed  to 
fill  the  aysteix)  veaael  part  way  and  to  check  out  the  ayatem.  The  6000<pai 
battle  will  be  uaed  to  top  off  the  ayatem  veaael.  The  combination  of  the 
three  2400-pai  bottlaa  and  the  6000-p8i  bottle  will  fully  charge  three  aya¬ 
tem  veaaela  to  3000  pal,  while  allowing  one  minute  flow  for  calibration  and 
checkout  of  the  ayatem. 
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7.  FILLING  THE  DRY  AGENT  DISSEMINATING  STORE 


7.  1  latroduction 

Ever  alnce  the  conception  of  en  airborne  store  for  disseminating  dry 
agent  material  from  a  compacted  state,  it  has  been  recognized  that  filling 
such  a  disseminator  would  present  problems  quite  different  from  those 
associated  with  filling  a  material  that  could  be  handled  in  a  fluid  stats.  As 
work  has  progressed  on  the  development  of  the  disseminator  Itself,  a  con¬ 
current  effort  has  been  devoted  to  developing  a  suitable  filling  procedure. 
Early  in  the  program  it  was  evident  tliat  a  method  employing  an  auxiliary 
loading  tube  would  very  likely  work.  Consequently,  a  suitable  device  was 
designed  and  fabrication  of  this  loader  was  completed  during  this  reporting 
period.  Effort  has  also  been  expended  in  an  attempt  to  devise  a  suitable 
method  of  encapsulating  the  compacted  dry  agent  in  a  manner  that  would 
permit  manxial  loading  of  the  disseminator  without  requiring  the  use  of 
auxiliary  loading  equipment, 

f 

At  a  meeUng  at  Fort  Detrick  on  June  20-21,  1962,  the  subject  of  filling 
the  dry  agent  disseminator  was  discussed  with  personnel  from  the  Process 
Development  Division.  These  people  felt  that  the  disseminator  design  was 
compatible  with  the  general  requirements  for  filling  dry  agents.  However, 
they  expressed  the  view  that  the  use  of  the  auxiliary  loading  device,  which 
was  described  for  them  by  the  GMI  engineers,  would  require  rather  elabo¬ 
rate  plant  loading  facilities.  They  recommended  compacting  the  agent  in 
sealed  packages  that  could  be  loaded  Into  the  disseminator  by  one  man.  The 
use  of  sealed  packages  would  eliminate  the  need  for  decontaminating  the 
unit  after  filling.  They  already  have  experience  with  filling  similar  packages 
for  other  applications.  Consequently,  an  increased  effort  has  been  devoted 
to  the  search  for  a  packaging  material  that  will  provide  a  sealed  container 
and  yet  will  break  up  and  pass  through  the  disseminator  along  with  the  agent 
without  clogging  the  disaggregator  or  plugging  the  discharge  orifice. 


L,cuLMoo,ricu  IN  ruix 
Authority:  E0 13526 
Chief,  Records  &  Declass  Dlv,  WHS 
Date:  2  6  APR  2013 


7-1 


CONfiPlNTIHIP 


7.  2  Loading  Fixtura  j 

1 

i 

The  loading  tube,  which  hat  been  fabricated  for  the  purpose  of  placing  ] 

a  charge  of  compacted  dry  powder  material  in  the  dry  agent  disseminating  | 

store,  is  shown  schematically  in  Figure  7.1,  A  photograph  of  the  complete 
loading  fixture  comprised  of  the  loading  tube,  pneumatic  controls,  and  port¬ 
able.  adjustable  mount  is  shown  in  Figure  7.  2.  The  loading  fixture  is  des¬ 
cribed  in  the  following  paragraphs. 

The  basic  components  of  the  loading  device  are  the  outer  tube,  the 
inner  tube,  the  piston,  and  the  gas  supply  system.  The  piston  and  the 
charge  of  compacted  powder  are  contained  within  the  inner  tube.  Thia  tube, 
in  turn,  is  contained  by  the  outer  tube.  Means  are  provided  for  admitting 
gas  under  pressure  to  either  the  space  behind  the  piston  or  the  apace  behind 
the  inner  tube. 


Nitrogen 


Figure  7.  1  Loading  Tube  Assembly 
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In  opsrAtioD  tha  loading  tube  aaaembly  is  alined  with  the  store,  and 
the  outer  tube  of  the  loader  is  attached  to  the  flange  of  the  store  inner  tank 
(Figure  7.  1).  The  inner  tube,  with  powder  charge  and  piston,  is  pushed 
into  the  store  by  applying  gas  pressure  in  space  "A"  (Figure  7. 1).  The 
small  central  tube  is  fastened  to  the  inner  tuba  and  serves  to  guide  the  store 
drive  screw  as  the  powder  charge  is  inserted.  The  inner  tube  hits  a  stop 
block  when  the  powder  face  comes  within  1/8  inch  of  the  disaggregator 
blades.  Space  "A"  is  then  vented  to  the  atmosphere  and  space  "B"  is  pres¬ 
surized.  Pressure  in  apace  "B"  forces  the  piston  and  consequently  the 
powder  charge  out  of  the  inner  tube,  but  since  the  powrder  face  ie  against 
the  disaggregator  disk  the  powder  cannot  move  and  the  inner  tube  retracts 
into  the  outer  tube  leaving  the  powder  charge  in  the  store  inner  tank. 

The  tubes  and  piston  are  made  entirely  of  aluminum.  The  outer  sur¬ 
faces  of  the  inner  tube,  central  tube,  and  piston  are  Teflon-coated  to  pre¬ 
vent  aluminum  from  rubbing  against  aluminum. 

Seals  are  incorporated  to  prevent  gas  leakage  past  the  inner  tube  and 
the  piston.  In  order  to  obtain  a  seal  wnth  the  required  flexibility,  rubber 
tubing  of  35  durometer  hardness  was  used  in  making  the  large  diameter 
seals.  Conventional  O-ringe  are  used  in  the  piston  to  seal  on  the  central 
tube.  Since  less  than  1  psi  pressure  is  required  to  move  the  inner  tube  into 
the  store,  a  single  seal  has  proven  adequate  on  the  inner  tube.  However, 
the  35  pet  preaeure  reqxured  to  fores  the  powder  out  of  the  inner  tube  neces¬ 
sitated  using  two  seals  on  the  piston.  The  piston  is  shown  in  Figure  7.  3. 

The  flat  on  the  piston  matches  a  corresponding  surface  on  the  inner  tube 
and  provides  clearance  for  a  guide  mounted  on  the  inside  wall  of  the  store. 

The  pressure  line  to  feed  the  apace  behind  the  piston  is  a  flexible  coil 
of  3/8  inch  nylon  tubing.  The  connection  inside  the  outer  tube  is  a  swivel 
so  the  tubing  can  swing  from  a  tangential  to  an  axial  direction  as  the  inner 
tube  is  forced  out  of  the  outer  tube.  The  other  end  of  the  nylon  tuba  ie 
attached  to  the  back  of  the  inner  tube  by  a  quick  connaet  coupling.  Thie 
coupling  ie  readily  acceaelbla  wdien  the  inner  tube  la  eomplataly  withdrawn 
from  the  outer  tube  for  the  purpoce  of  changing  inner  tubea. 
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Figure  7.2  Loading  Fixture  for  Use  with  r*rototype 
Ory  Agent  Disaetninatlng  Store 


Figure  7.  3  Loading  Tube  Piston 
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A  Colaon  C/U  Hali-Toa  Lifter  was  purchased  and  modified  to  provide  a 
mount  for  the  loading  tubs  and  pneumatic  controls.  The  loading  tube  is  sup¬ 
ported  In  a  gitnbal  ring  (see  Figure  7. 2)  that  can  be  translated  laterally  by 
means  of  a  hand  crank.  These  features  facilitate  alining  the  loading  tube 
with  the  store. 

The  gimbal  la  mounted  in  the  lifter  arms  in  such  a  way  that  the  loading 
tube  can  be  easily  removed  as  shown  in  Figure  7.  4.  This  is  done  so  the 
tube  can  be  positioned  vertically  for  filllngi  and  then  the  lifter  can  be  moved 
out  of  the  way. 

A  pressure  regulator,  pressure  gage,  and  three-position  four -way 
valve  are  located  on  the  loading  fixture  as  shown  in  Figure  7.  S.  Gas  for 
operating  the  loader  can  be  supplied  to  the  pressure  regulator  from  either 
an  air  compressor  or  high  pressure  gas  cylinders.  The  use  of  dry  nitrogen 
is  recommended  for  use  with  agents  which  must  be  kept  dry. 

The  pxeaeure  regulator  le  required  since  the  two  major  operations  that 
must  be  performed  require  substantially  different  pressures.  The  regulator 
also  allows  control  of  the  speed  of  the  two  operations.  Pressure  control  is 
most  important  in  the  second  operation  of  retracting  tJte  inner  tube  which 
requires  about  6.  OOO  lb  force  or  about  30  pel.  As  the  powder  charge  moves 
out  of  the  inner  tube,  the  required  force  diminishes,  and  during  the  coarse 
of  this  operation  it  18  necessary  to  continually  decrease  the  pressure  to 
maintain  a  reasonable  retracting  speed.. 

7.  3  Multiple  Sealed  Packages 

The  concept  of  filling  the  disseminator  with  six  or  eight  sealed  packages 
of  compacted  agent  offers  many  advantages  as  compared  to  the  uee  of  an 
a.uxiliary  loading  device.  Some  of  theee  advantages  are: 

1)  The  amount  of  support  equipment  required  would  be  re¬ 
duced  significantly. 

2)  The  loading  plant  facilities  would  be  leas  elaborate. 
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Figure  7,  S  Operating  Controla  lor  Loading  Tuba 
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3)  It  would  ba  aaalar  to  maka  the  filling  operations  safa  for 
operating  personnel. 

4)  The  milng  operation  could  probably  ba  performed  quicker. 

Unfortunately ■  the  requirement  that  the  package  or  container  muat  provide 
a  biological  seal  and  yet  be  capable  of  being  broken  up  and  fed  through  the 
disseminator  along  with  the  agent  presents  a  formidable  problem.  Never  - 
thelessi  the  advantages  are  attractive  enough  to  warrant  the  effort  that  is 
being  expended  in  an  attempt  to  develop  a  package  meeting  the  requirements. 

In  search  for  a  suitable  packaging  technique  three  general  encapsulating 
methods  are  being  coneidered. 

The  firet  method  Is  to  form  a  suitable  skin  by  applying  the  proper  sub- 
stance  to  the  exterior  surfaces  of  a  compacted  charge  of  agent.  The  second 
is  to  compact  the  agent  in  a  container  previously  prepared  from  a  rigid 
foam  plastic  material  of  the  required  properties.  The  third  is  to  compact 
the  agent  in  a  bag  made  from  a  plastic  film  that  can  be  caused  to  undergo 
chemical  or  physical  changes  inside  of  the  disseminator  so  the  film  dis> 
integrates  or  disperses  before  the  disseminator  Is  operated. 

With  reference  to  the  first  method  of  encapsulation,  two  techniques 
have  been  tried.  One  is  to  spray  or  paint  the  substance  being  investigated 
directly  onto  the  compacted  powder  after  removing  the  slug  of  powder  from 
the  mold.  The  other  technique  is  to  apply  the  encapsulating  substance  to  the 
interior  surface  of  the  mold  before  introducing  the  powder  and  then  cauea 
the  substance  to  transfer  to  the  powder  after  compaction.  This  latter  tech¬ 
nique  has  been  accomplished  with  wax  that  has  been  transferred  by  heating 
the  mold.  To  date,  neither  of  these  techniques  has  produced  a  satisfactory 
encapsulation. 

The  foam  plastic  approach  uses  the  bladee  of  the  disaggregator  within 
the  disseminator  to  shave  off  the  foam  container  and  the  compacted  powder 
simultaneously.  The  container  muat  be  broken  into  small  pieces  that  will 
flow  through  the  discharge  opening  without  plugging  the  hole.  To  obtain  a 
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fa* -tight  eoiit«iur»  th«  uaictllular  type  foaia  wa*  talacted.  A/oanooQ- 
talaar  waa  fabricated  «ad  loaded  with  compacted  talc  and  then  tested  in  the 
Second  Ihcperimental  (dlaaert  Inator)  Unit.  The  test  demonstrated  that  the 
unit  is  capable  of  digesting  a  type  of  foam  plastic,  but  that  it  wiU  be  neces¬ 
sary  to  incorporate  a  feature  In  the  diaaeminator  to  prevent  relatively  large 
pieces  of  foam  from  plugging  the  orifice.  The  effort  on  this  approach  has 
been  toward  producing  a  foam  material  that  was  sufficiently  strong  yet  ade¬ 
quately  friable.  Fortunately,  the  Chemical  Activity  of  General  Mllle  Cen¬ 
tral  Research  Laboratory  has  had  considerable  experience  in  the  develop¬ 
ment  of  foam  plastics.  With  dielr  cooperation  in  this  particular  investiga¬ 
tion.  we  believe  some  progress  was  made  toward  developing  a  suitable 
encapsulating  material. 

The  plaetic  film  approach  to  encapeulatlon  considered  the  use  of  a  film 
that  would  have  poor  reeistance  to  certain  environmental  conditions.  For 
instance.  If  a  quantity  of  agent  were  compacted  Into  a  bag  made  of  film, 
sealed,  and  placed  in  the  disseminator,  which  in  turn  was  sealed,  a  change 
of  temperature  or  a  change  of  gas  within  the  disseminator  might  deteriorate 
the  film  so  it  would  crumble  or  vaporise.  Accordingly,  a  survey  of  possible 
films  was  conducted.  The  consensus  pointed  to  polypropylene  film  brought 
to  low  temperature  (-20*7)  at  which  time  the  film  should  become  brittle 
enough  to  fracture  into  small  pieces.  However,  samples  of  polypropylene 
film  which  were  subjected  to  cold  box  tests  down  to  -50'F  and  -109*F  (dry 
ice  temperature)  did  not  react  ae  desired.  Other  possibilitiee  in  this  area 
of  disintegrating  films  are  currently  being  investigated. 
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8.  FLIGHT  XaSTlNG  OF  UQUID  AGENT  DISSEMINATING  STORE 

During  th«  period  from  August  13  to  29>  1962.  GMI  provided  technical 
aeeiatance  in  connection  udth  flight  testing  of  the  GMI  liquid  agent  dlsaeml* 
nating  store  by  the  BW/CW  Weapons  Group  at  Bglin  Air  Force  Baie> 

Florida.  These  testa  were  conducted  lu  investigate  the  airworthiness  of  the 
store  and  to  evaluate  performance  of  the  F-IOS  and  F-IOOD  airplanes  with 
the  CMl  disseminating  store  attached.  A  report  covering  this  test  project  is 
being  prepared  by  the  BW/CW  Weapons  Group.  On  the  basis  of  the  verbal 
reports  of  the  test  pilots  and  the  personal  observations  of  GMI  representa¬ 
tives!  it  can  be  said  that  the  store  functioned  entirely  satisfactorily  and  the 
airplanes  performed  normally  with  the  store  attached. 

In  order  to  establish  the  maximum  performance  conditions  for  the  F-IOS 
airplane  to  be  used  in  the  flight  testsi  the  GMI  store  was  shipped  to  the 
Republic  Aviation  Corporation  at  Farmlngdale,  Long  Island,  New  York. 

Here  the  store  was  mounted  on  an  F-105  and  flutter  and  vibration  analysis 
and  static  stiffness  measurements  were  made.  These  data  were  then  used  to 
compute  the  allowable  flight  conditions  for  the  F-105  airplane  with  the  GMI 
store  attached.  This  work  wae  accomplished  in  late  July  and  early  August. 
Upon  completion  of  the  measurements  at  Farmlngdale,  the  GMI  store  was 
shipped  to  Eglln  Air  Force  Base  for  flight  testing. 

Two  flights  were  made  with  the  disseminator  on  the  F-105  airplane. 

For  the  first  flight  the  unit  was  mounted  at  the  left  inboard  wing  station. 

The  centerline  station  was  used  on  the  second  flight.  The  airplane  was  flown 
at  400  knots  indicated  air  speed  and  manuevered  at  altitudes  of  5,  000  and 
30,  000  feet.  The  disseminator  wae  filled  with  dyed  water  that  was  dissemi¬ 
nated  at  200  feet.  The  dissemination  was  photographed  from  an  F-IOOD 
chase  plane.  Personnel  in  the  chase  plane  reported  that  the  aerosol  stream 
was  separated  from  the  bottom  ait  of  the  airplane  by  a  apace  of  approxi¬ 
mately  one  foot. 
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On*  night  wn*  mad*  with  the  diasemlnator  mounted  on  the  inboard  wing 
.station  of  an  F>1000  airplane.  Thia  airplane  wae  Aown  at  300  knot*  Indi¬ 
cated  air  speed  and  maneuvered  at  altitude*  of  5>  000  and  30.  000  feet.  Dle- 
semlnation  wa*  made  at  200  feet.  Thl*  flight  wa*  also  covered  by  photo¬ 
graphy  from  a  chaae  plana. 

The  dlsaeminator  wa*  filled  with  water  containing  methylene  blue  dye 
*o  the  airplane*  could  be  examined  for  contamination  after  each  flight.  The 
F-105  wa*  found  to  be  free  of  contamination  after  the  first  flight,  but  on  the 
second  flight  a  small  amount  of  dye  wae  found  on  the  lower  ventril  (fin).  No 
contamination  wa*  found  upon  ejtamlning  the  F-IOOD  after  operating  the  dis¬ 
seminator  on  this  airplane. 
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9.  SUMMARY  AND  CONCLUSIONS 


s 

j 

Work  has  progroised  oa  our  broad  program  of  research  and  develop-  j 

ment  on  the  dissemiaation  of  solid  and  liquid  BW  agents.  Each  area  of 
''‘irark  which  is  a\immariaed  in  the  following  paragraphs  is  discussed  in  detail 
in’  the  section  referenced  at  the  end  of  the  paragrajdi. 

Applied  stresses  and  energies  required  for  compaction  of  powders  have 
been  successfully  measured  using  an  improved  piston-cylinder  device  in  an 
Instron  teat  machine.  Values  for  the  constants  k  and  m  in  the  equation 
^  =  k  •  p'”  have  been  determined  for  talc,  saccharin,  and  cornstarch. 

Previously  reported  difficulties  with  the  trlaxial  shear  test  have  been  over¬ 
come  by  using  a  sample  preparation  procedure  that  does  not  rsquira  tha  use 
of  ths  rubber  membrane  which  prevented  natural  shear  failure  of  the  sample. 

Effort  has  been  directed  toward  determination  of  the  tensile  shear  strength 
of  powders  as  well  as  compressive  shear  strength  using  the  trlaxial  tech> 
nlque.  The  bulk  tensile  strength  of  saccharin,  cornstarch,  powdered  milk, 

3m,  and  talc  has  been  measured  as  a  function  of  compresslvs  load  and  dls- 
tancs  from  the  piston  to  ths  fracture  plane.  The  bulk  density  of  tale 
(Mistron  Vapor)  hae  been  determined  as  a  function  of  compressive  load  and 
distance  from  the  pieton  (Section  2). 

Aerosol  decay  has  been  inveetigated  for  three  humidity  conditions  > 
less  than  5  percent,  approximately  50  percent,  and  greater  than  95  percent  - 
for  five  powders.  Saccharin,  cornstarch,  and  powdered  milk  exhibited 
decay  rates  that  increased  monotonically  with  increasing  humidity:  whereas, 
talc  and  powdersd  sugar  exhibited  decay  rates  that  were  higher  for  the  two 
extreme  humidity  conditions  than  for  the  intermediate  condition.  It  has  been 
demonstrated  experimentally  that  high  frequency  fluctuations  on  the  light¬ 
scattering  records  have  significance  and  are  not  merely  system  noise.  A 
formula  for  the  fluctuation  has  been  derived  mathematically.  A  new  twirl 
dieperser  hae  been  used  to  introduce  powders  into  the  aerosol  decay  cham¬ 
ber,  and  the  aerosols  thus  produced  were  found  to  be  more  stable  than  those 
obtained  with  the  rupturing-diaphram  disperaer  (SscUon  3). 
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Th«  high-speed  wind  tunnel  dleiemlnatioo  itudias  have  shown  that  the 
maximum  bulk  density  to  which  3m  can  be  compacted  and  yet  be  aeroeolised 

3 

efficiently  by  the  aerodynamic  breakup  mechanism  is  about  0,  58  g/cm  , 

This  limiting  density  was  the  same  for  both  Mach  numbers  0,  5  and  0.  8.  It 
is  believed  that  any  dependence  upon  Mach  number  is  far  overshadowed  by 
the  rapidly  increasing  strength  of  the  compacted  Sn>  as  the  bulk  density  is 
raised  above  this  value.  Teats  of  compacted  3m  which  had  been  stored  at  a 
low  temperature  for  ten  weeks  indicate  that  when  compacted  material  is  to 
be  stored  for  long  periods,  the  maximum  allowable  density  will  be  lowered 
to  about  0.  55  g/cm^.  In  making  this  determination  a  new  technique  was  used 
wherein  the  change  in  concentration  of  the  fine  portion  of  the  aerosol  was 
measured.  A  wind  tunnel  study  of  the  ejection  tube  shroud  using  a  scale 
model  has  produced  a  design  which  is  expected  to  eliminate  contamination 
of  the  store  (Section  4). 

A  powder  flow  rate  of  53  Ib/min  has  been  achieved  with  the  full-scale 
experimental  feeder  uelng  talc  compacted  to  a  density  of  0,  65  g/cm^.  The 
second  experimental  unit,  which  is  a  prototype  of  the  airborne  disseminator, 
has  been  completed  and  this  unit  has  been  operated 'with  uncompacted  talc. 

A  sample  of  talc  initially  compacted  to  0.  55  g/cm^  hae  been  collected  from 
the  discharge  of  the  full-scale  feeder  and  subsequently  disseminated  satis¬ 
factorily  in  the  high-speed  wind  tunnel  at  Mach  number  0.5  using  the  GMI-3 
fixture  (Section  5). 

Design  and  fabrication  of  the  first -gene ration  dry  agent  disseminating 
store  progressed  from  the  design  study  stage  to  actual  fabrication  and  pro¬ 
curement  of  the  various  components.  An  order  has  been  placed  with  the 
Fletcher  Aviation  Company  of  El  Monte,  California  for  fabrication  of  the 
main  structural  parts  of  the  store.  The  speed-selection  portion  of  the 
rotary  actuator  assembly  has  been  tested.  A  cockpit  control  panel  has  been 
designed.  The  high-pressure  vessel  and  associated  valves  and  pressure 
regulator  for  the  dry  nitrogen  system  have  been  ordered  from  Tavco,  Inc. 
of  Santa  Monica.  California,  who  are  specialists  in  this  type  of  equipment. 
The  cascading  method,  using  6000-psi  nitrogen  t.yiinders  for  "topping -off", 
has  been  selected  for  filling  the  nitrogen  system  (Section  6). 
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A  loading  fixture  haa  been  fabricated  for  the  purpoae  of  Inserting 
charges  of  compacted  powder  Into  the  dry  agent  disseminating  store.  The 
material  is  first  compacted  into  a  cylindrical  tube  in  the  loading  fixture  and 
is  then  transferred  to  the  store.  As  an  alternate  method  of  loading,  an  in* 
vestigatlon  has  been  started  with  the  objective  of  perfecting  a  method  of 
encapsulating  quantities  of  compacted  agent  small  enough  to  permit  loading 
the  store  without  the  aid  of  special  equipment.  The  problem  is  to  find  an 
encapsulating  material  which  can  be  digested  by  the  disseminator  (Section  7). 

In  August  the  CMl  liquid  agent  disseminating  store  was  successfully 
flight  tested  on  an  and  an  F-IOOD  airplane  at  Eglln  Air  Force  Base. 

These  tests  were  conducted  by  the  BW/CW  Weapons  Group  at  Eglln  to  deter¬ 
mine  airworthiness  of  the  store.  The  tests  also  demonstrated  that  there  is 
no  contamination  of  the  airplanes  when  the  store  la  mountsd  at  a  wing  station. 
There  was  minor  contamination  of  the  lower  ventrll  of  the  F-IOS  when  the 
store  was  mounted  on  the  centerline  station  (Section  S). 
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DEPARTMENT  OF  DEFENSE 
WASHINGTON  HEADQUARTERS  SERVICES 

1  1  55  DEFENSE  PENTAGON 
WASHINGTON,  DC  20301-1  155 


MEMORANDUM  FOR  DEFENSE  TECHNICAL  INFORMATION  CENTER 

(ATTN:  WILLIAM  B.  BUSH)  AUG  1  2013 

8725  JOHN  J.  KINGMAN  ROAD,  STE  0944 
FT.  BELVIOR,  VA  22060-6218 


SUBJECT:  OSD  MDR  Cases  12-M-3144  through  12-M-3156 


At  the  request  of  I 


Review  of  the  documents  in  the  above  referenced  cases  on  the  attached  Compact  Disc  (CD) 


under  the  provisions  of  Executive  Order  13526,  section  3.5,  for  public  release.  We  have 
declassified  the  documents  in  full.  We  have  attached  a  copy  of  our  response  to  the  requester.  If 
you  have  any  questions,  please  contact  Ms.  Luz  Ortiz  by  phone  at  571-372-0478  or  by  e-mail  at 
luz.ortiz@whs.mil,  luz.ortiz@osd.smil.mil,  or  luz.ortiz@osdj.ic.gov. 


mjL^ — 


Robert  Storer 

Chief,  Records  and  Declassification  Division 


Attachments: 

1 .  MDR  request  w/  document  list 

2.  OSD  response  letter 

3.  CD(U) 


April  26, 2012 


Department  of  Defense 

Directorate  for  Freedom  of  Information  and  Security  Review 

Room  2C757 

1155  Defense  Pentagon 

Washington,  D.C.  20301-1 155 


Sir: 

I  am  requesting  under  the  Mandatory  Declassification  Review  provisions  of  Executive  Order 
13291,  copies  of  the  following  documents.  I  have  tried  several  times  to  acquire  them  through 
DTIC,  but  the  sites  stated  they  are  not  available. 

I  am  conducting  research  into  the  previous  methods  used  to  disseminate  biological  agents.  Many 
source  I  use  to  have  access  to  have  been  deleted  from  the  internet.  On  numerous  occasions  I 
have  been  informed  that  formerly  classified  information  that  was  declassified,  have  now  become 
classified  again  (since  911).  My  attempts  to  locate  such  Executive  Orders,  regulations,  laws,  or 
other  changes  to  this  question  have  not  successful  nor  revealed  a  specific  source.  As  such  I 
would  appreciate  any  information  you  can  shed  on  this  question. 

Documents  requested. 

AD  348405,  Dissemination  of  Solid  and  Liquid  BW  (Biological  Warfare) Agents  Quarterly 
Progress  Report  Number  14, 4  Sept  -  4  Dec  1963,  G.  R.  Whitnah,  February  1964,  General  Mills 
Report  number  2512,  General  Mills,  Inc.,  Minneapolis,  MN,  Contract  number  DA  1 8064  CML 
2745,162.pages.  Prepared  for  U.S.  Army  Biological  Laboratories,  Fort  Detrick,  Maryland. 
Approved  by  S.P.  Jones,  Director  of  Aerospace  Research  at  General  Mills.  Project  No  82408 
General  Mills  Aerospace  Research  Division,  2295  Walnut  Street,  St.  Paul  I3>Iinnesota. 

AD  346751,  Dissemination  of  Solid  and  Liquid  BW  (Biological  Warfare)  Agents,  Quarterly 
Progress  Report  Number  12,  March  4  -  June  4,  1963,  G.  R.  Whitnah,  July  1963,  General  Mills 
Report  number  2411,  General  Mills,  Inc.,  Minneapolis,  MN,  Contract  number  DA  18064  CML 
2745.  184  pages.  Approved  by  S.P.  Jones,  Director  of  Aerospace  Research  at  General  Mills. 
Project  No.  82408.  General  Mills  Aerospace  Research  Division,  2295  Walnut  Street,  St.  Paul  13 
Minnesota.  ’ 

AD  346750,  Dissemination  of  Solid  and  Liquid  BW  (Biological  Warfare)  Agents,  Quarterly 
Progress  Report  Number  13, 4  June  -  4  Sept  1962,  G.R.  Whitnah,  October  1963,  General  Mills 


'■  Number  DA  18064  CML 
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DA  1 8064  CMLTOS  IS  pages  ’  ^N-  Contract  Number 

Number 

|S3yisr?i“ir,'js*rSr  o?as‘.» 

DriS0*4(mu45  MN.C™«  NujnW 

AD  329067,  Dissemination  of  Solid  and  Liquid  BW  (Biological  Warfare)  Agents  Ouarterlv  ;  X-AA  ?/  C7S 

General  Mdls  Inc  Minneapolis,  MN,  Contract  Number  DA  18064  CML  2745  103  pages 

and  Development  Office,  2003  East  Hennepm  Avenue,  Minneapolis  13,  Minnesota. 

^  327072,  Dissemination  of  Solid  and  Liquid  BW  (Biological  Warfare)  Agents  Ouarterlv  /P-AA  lfS7 
Propss  Report  Number  Five,  4  June  -  4  Sept  1961.  by  G.R  Whitnah,  NoveSr  l^ToetS^^ 

CML  2745.  Minneapolis,  MN,  Contract  Number  DA  1 8064 


Mrs;«s  rss  I'jriTimSS" 

rjAn-j  Cor.4  u  •  A  Mills  Electronics  Group,  Research  Dent 

2003  East  Hennepin  Avenue,  Minneapolis  1 3,  Minnesota.  225  pages.  ^ 

AD  324746,  Dissemination  ofSolid  and  Liquid  BW  (Biological  Warfare)  Agents  Progress 

2125  General  Whitnah,  October  1960,  General  Mills  Report  N^ber  ^  ^ 

2125,  General  Mills,  Inc.,  Minneapolis,  MN,  Contract  Number  DA  18064  CML  2745.  78  pages 

f  (Biological  Warfare)  Agents,  Quarterly  )Z-AA-3)S^ 

oZra  M^p  Tm'  '^^0,  by  G.R.  Whitnah!  February  lOb!, 

da  18064  CML^2745  ^9  m’  General  Mills,  Inc.,  Minneapolis,  MN,  Contract  Number 

ofpa^enL  ^003  Fat  H  division  of  General  Mills,  Inc.,  Research 

epartment,  2003  East  Hennepin  Avenue,  Minneapolis  13,  Minnesota. 


AD  323598,  Dissemination  of  Solid  and  Liquid  B  W  (Biological  Warfare)  Agents,  Quarterly  Sf 
Process  Report,  for  penod  4  Dec.  1960-4  March  1961,  by  G.R.  Whitnah,  May  1961,  General 

07??  Minneapolis,  MN,  Contract  Number  DA  18064 

LML  2745.  95  pages. 

(Biolosical  Warfare)  Agents,  Quarterly  a-M-ZISH 
Progress  Report  No.  10,  penod  Sept.  4, 1962  -  Dec.  4, 1962.  G.R.  Whitnah,  Project  Manager, 

Approved  by  S.P.  Jones,  Aerospace  Research,  February  1963.  247  pages. 


Sincerely 


